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Jobs of Mechanical Engineers 


ie YOUNGER readers especially is commended the 
paper which James Ellis presents elsewhere in this 
issue on the work of mechanical engineers in chemical 
plants. It was learned long ago that the electrical in- 
dustry’s manufacturing problems are principally within 
the field of mechanical engineering. To a greater or less 
extent this is also true of the chemical and other process 
industries. 

While it is natural to think of certain traditional fields 
of endeavor for the occupation of mechanical-engineer- 
ing graduates, sight must not be lost of new and more 
numerous possibilities. Mr. Ellis’ paper suggests op- 
portunities in chemical plants. Readers who are familiar 
with other kinds of work in which mechanical engineers 
can find profitable employment and render needed services 
are invited to write about them for our correspondence 
pages. 


Men Make Research 


NDREW KEOGH, Yale librarian, has been known 

to remind admiring groups that stand in front of the 
magnificent Sterling Library in New Haven that ‘‘the 
library is inside."’ As with libraries, so also it is with 
research institutions; and the architectural splendor of 
the new home of the Mellon Institute in Pittsburgh 
should not blind us to the fact that the laboratory and 
the men who accomplish research results are inside. 

Dr. E. R. Weidlein, director of the Institute, voiced a 
variation of this thought at the dedicatory exercises in 
May. He said: 

‘The Institute has become a guild of scientists. Here 
are gathered many men trained in chemistry, biology, 
physics, and engineering. They help one another di- 
rectly; and even more important, they create an at- 
mosphere of achievement for themselves in which there 
grow vision and determination for thorough, careful 
work. Their success is not accidental. It is the outcome 
of strong minds and of orderly thought, of good will and 
of good teamwork, of seeking toward a great end.” 

Not all research, to be sure, is carried on under these 
favorable conditions. Many an inquiring intellect labors 
under the handicap of lack of funds and facilities but with 
the most important of all attributes, the intelligence, the 
enthusiasm, and the determination to do the best that is 
possible under existing conditions, and the results are 
frequently epoch-making. 





Research has become a respectable and a popular field 
of activity. It is known to pay attractive dividends in 
profits and fame. Industrial and educational institutions 
have come to feel that they must participate in it, and 
not always wisely. Stimulation by opportunists, seek- 
ing publicity and endowments rather than a desire for 
knowledge and sound results, is not enough. 

Industrial research is in its infancy. Upon it the 
progress of the future depends. Industries not yet 
awakened to its possibilities must turn to it for help 
sooner or later. When they do so intelligently they will 
find men in educational institutions and in their own 
ranks or those of other industries to whom they can 
look for help. The result, if a proper program is fol- 
lowed with intelligence and determination, will be help- 
ful to themselves and tohumanity. Above all, men make 
research. 


The “A.S.M.E. Library” 


HEN The American Society of Mechanical Engi- 
neers became one of the Founder Societies at the 
time the Engineering Societies Building in New York 
was provided through the munificence of Andrew Car- 
negie, its collection of books was merged with those of 
the other societies in the Engineering Societies Library. 
Losing thus its identity as an individual Society venture 
it gained in bulk, prestige, and opportunities for service 
in the merger and became part of the finest engi .cering 
library in this country, if not in the world. Today this 
library has a collection of 140,287 volumes, 7268 maps, 
and 4298 “‘searches,’’ bibliographies compiled by its 
staff at the request of clients, and a catalog representing 
a net total of 151,512 items. Through gifts it has be- 
come the depository of various collections of rare books. 
Its shelves are filled with the current and bound issues of 
practically every periodical of engineering importance 
published anywhere in the world. Through purchase 
and the generosity of publishers of technical books it 
augments its accessions of engineering literature at slight 
expense; for example from Sept. 30, 1936, to April 30, 
1937, gifts totaled 1040 and purchases only 196 volumes 
and maps. 

In addition to its service as a reference, and to a limited 
extent a lending, library, and as a reading room, the 
Engineering Societies Library provides, at modest cost 
sufficient to cover expenses, translations of articles in 
foreign languages, photoprints of original articles in its 
collection, and bibliographies specially prepared, follow- 
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ing an estimate of cost by the library staff, for concerns 
and individuals requiring such services. From Sept. 30, 
1936, to April 30, 1937, no less than 1498 individuals and 
concerns were so served with 69 searches and copies of 
searches, 54 translations, and 11,049 photoprints. In 
1935-1936, 3013 letters were written and 5072 telephone 
calls were answered in connection with this service. 
Thus it is clear that the library is a national institution 
and its usefulness to the individual is not limited by his 
inability to visit it frequently in person. 

But this common depository of the books and periodi- 
cals that make up the literature of engineering has other 
uses than those enjoyed by individuals. Upon these col- 
lections and reference works the editorial staffs of the 
Founder Societies rely in their daily work. For example, 
every bibliographical reference found in papers published 
by the A.S.M.E. is checked in the library for accuracy 
and completeness—and it is a sad commentary on the 
fallibility of authors that only a few complete and ac- 
curate references are discovered. What this service means 
to those who must rely upon these references need not 
be emphasized here. 

What does library service cost? A recent report of a 
special committee says: “The average member's con- 
tribution through his society for the support of the 
library in 1935-1936 was just under 61 cents. The 
highest was 85.5 cents, for the A.I.M.E., and the lowest 
57-8 cents for the A.S.M.E."’ Is 58 cents per year per 
member too much to pay for this service, direct, indirect, 
or potential as it may be in the individual case? The 
library needs more money. It is preparing to publicize 
its needs in an endeavor to create a favorable disposition 
on the part of every member toward these needs. In 
spite of its separate corporate existence the library is 
still an A.S.M.E. affair. A.S.M.E. members are urged 
to think of the library, its services, and its needs in this 


light. 


Amelia Earhart 


U? to the time of going to press Amelia Earhart, 
who became an associate of The American Society 
of Mechanical Engineers in 1931, is still missing some- 
where in the Pacific, and hope of finding her daily grows 
less bright. Miss Earhart staked her life on a supreme 
test of one of man’s most recent and most spectacular 
engineering devices, and on her resources in flying tech- 
nique and avigation. 

In the few years that have elapsed since the Atlantic 
crossing successfully completed in 1931, Miss Earhart has 
done much to popularize aviation, to advance the cause 
of aeronautical education, and to stimulate interest and 
opportunities in the professional vocations of women. 
An enigma to most of the world which sets personal 
security and physical comfort above all else, she has been 
true to an inner urge typical of those who must adventure 
into the unknown, be it in the realms of our physical 
environment, the human mind, or the wide frontiers of 
science 
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The Educational Dilemma 


OMMENTING on his matriculation at Harvard in 
1854, Henry Adams wrote: ‘“‘The chief wonder of 
education is that it does not ruin everybody concerned 
with it, teachers and taught.’’ So wise and foolish men 
alike have wondered before and since. And so in 
different words several speakers at the Cambridge meet- 
ing of the S.P.E.E. expressed the same thought. 

What a superior education might produce it is hard 
to say. For, as Henry Adams remarked later concerning 
Gladstone—'‘the best educated statesman England ever 
produced’’—the prime minister avowed in his confes- 
sions that his speech at Newcastle, in which he said 
that ‘‘Jefferson Davis had made a nation,"’ illustrated 
“vividly that incapacity which my mind so long re- 
tained, and perhaps still exhibits, an incapacity of 
viewing subjects all round.’’ 

Perhaps this “‘incapacity of viewing subjects all 
round”’ is the greatest dilemma education poses. Cer- 
tainly it has troubled many minds; and in various ways 
Mr. Orrok brings it up in his $.P.E.E. address published 
in this issue. So also does Gilbert F. Doan, in an 
arraignment of engineering education in the summer 
(1937) issue of The American Scholar. He wants ‘‘an edu- 
cated man, not merely a technician,’ and if Mr. Orrok’'s 
formula were followed, an educated man would be the 
result. Moreover, in spite of the limitations each sees 
in present methods, educated men are what the best 
schools are striving to turn out. 

Mr. Doan complains that engineering schools go in 
for a specialization of a vocational type not desired by 
industrialists who hire the graduates, and that ‘‘no 
S.E.C. board reviews these offerings,’’ by schools, of 
nonfundamental courses. Perhaps the Engineers’ Coun- 
cil for Professional Development may evolve into such 
a board. Mr. Orrok believes with John Locke that 
every boy should work at one or two mechanical trades, 
in business, in manufacture, and acquire “‘the manual 
dexterity and experience of earning a livelihood which 
comes from actual work with workmen.’’ Perhaps this, 
combined with the other rigors of Mr. Orrok’s regimen, 
would be quite as effective as Mr. Doan’s desired back- 
ground of history and psychology which will enable 
the engineering graduate “‘to see the industrial situation 
in a clearer perspective.” 

Whether it be Mr. Doan’s insistence on formalized 
liberal education of an apparently academic type, with 
its danger of postponing entrance to active practice, or 
Mr. Orrok’s integration of fundamentals with hard 
practical work, which is based on a revision of primary 
and secondary education, both seek a finer product and 
both require superior materials and superior teachers. 
Looking back at what engineers have accomplished 
with the faulty education they have received, it is in- 
deed a wonder they were not ruined. The future of 
engineering, which promises to be more complex than 
its past, demands constant concern with the problem of 
education, in order to dispose of the dilemma of the 
“incapacity of viewing subjects all round.”’ 
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STREAMLINED ELECTRIC LOCOMOTIVE OF THE PENNSYLVANIA RAILROAD NOW IN SERVICE BETWEEN NEW YORK AND WASHINGTON 


Modern ELECTRIC UNITS 
m TRANSPORTATION 


By H. L. 


ANDREWS 


VICE-PRESIDENT, GENERAL ELECTRIC COMPANY, NEW YORK, N. Y 


HE last ten years have been a remarkable period in 

the transportation industry. Old methods of providing 

transportation have given way to more modern ones, 
and transportation units have kept pace with this rapidly 
changing condition. Many important and significant develop- 
ments have been made. Others are now in progress, involving 
new and unusual types of equipment, for both steam railroads 
and the urban railway. These new units are fully capable of 
providing the type and character of transportation demanded 
to meet present-day requirements of a discriminating riding 
public. 

Electrical equipment contributed to, and in fact paved the 
way for, the development of these modern transportation 
units. In many instances, it has made modern high-speed 
transportation possible, for wherever large quantities of power 
are required to move a great number of people or large volumes 
of goods quickly and quietly, no better or more economical 
means has yet been produced than the use of electric propulsion 
equipment or electrical equipment as a transmission medium. 

Whether the electrical energy is produced in a central station 
and transmitted to the transportation unit by wire, such as 
the modern street-car operation in our large cities or electri- 
fication of trunk-line railroads, or is generated on the prime 
mover itself, such as the Diesel-electric locomotive, Diesel- 
electric high-speed train, and Diesel-electric motorbus, no 
better, more reliable, or more economical means has yet made 
itself apparent. Where transportation demands the movement 
of large numbers of people in congested areas with speed, safety, 
comfort, and economy, whether this be on the main arteries 
within our larger cities or on the trunk lines over the mountain 
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ranges on transcontinental railroads, electricity and modern 
electrical equipment can be considered as superior to all other 
vehicles. 


TRUNK-LINE AND TERMINAL ELECTRIFICATION 


First, let us consider the long-haul or the steam-railroad 
field—a field where the reciprocating steam locomotive is so 
generally used and has been so successful in meeting the de- 
mands of an exacting transportation system that other types 
of unit must show some good reason, some great advantage, 
before being given serious consideration. Expediting train 
movements, greater availability of motive power, lower 
maintenance, reduction in cost of fuel, and elimination of 
smoke and noise are some of the reasons that justify con- 
sideration of types of motive power using electricity, either 
as the principal means of propulsion or in the transmission of 
power to the wheels of the driving units. 

These modern electrical units, which, for some of the fore- 
going reasons, are making their bid for a place on our trunk- 
line railroads, are electrification, as represented by the Penn- 
sylvania Railroad trunk-line operation between New York, 
N. Y.,and Washington, D. C., which is now being extended 
west from Philadelphia to Harrisburg, Pa., and the Diesel- 
electric locomotive as more popularly typified by the spec- 
tacular performance of the high-speed trains of the Union 
Pacific and Burlington Railroads on the 1000-mile runs from 
Chicago, Ill., to Denver, Colo., or the long transcontinental 
runs from Chicago to Pacific Coast points. 

The Pennsylvania electrification is probably the most dense 
transportation system in the world, with trains every hour 
from New York to Philadelphia and nearly as frequently from 
New York to Washington, and on the same right of way, are 
tonnage-freight and perishable-goods trains, the latter running 
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It extends through two tunnels 


on passenger-train schedules. 
and the heart of two of our largest cities and handles 1200-ton 
trains from New York to Washington, 222 miles in 215 minutes. 
Locomotives rated at 5000 hp are continuously drawing 
overloads of 100 per cent when starting and yet do this 


quietly and quickly. Surely, this is an outstanding illustra- 
tion of how electric locomotives have challenged and success- 
fully met the supremacy so long held by reciprocating steam 
locomotives. Many other illustrations of similar challenges 
and successes for electrification can be found in the tunnel 
under the Detroit River and the New York Central and New 
Haven electrifications which, aside from the success of the 
installations themselves, have made possible the great termi- 
nal areas in these cities. 

Still other cases may be cited, such as the Chicago, Mil- 
waukee, St. Paul, and Pacific 660-mile electrification stretching 
over two mountain ranges; or the Great Northern, which, 
while not quite as extensive, makes the great seven-mile tunnel 
under the Cascade Mountains a possibility, eliminates severe 
grades over the mountain range, and shortens the route by 
many miles; or, again, such terminal electrifications as the 
Illinois Central at Chicago and the Delaware, Lackawanna & 
Western at Hoboken, N. J., where 5000 hp is concentrated on 
a single multiple-unit train to carry passengers quickly and 
quietly to their suburban homes, relieving terminal conges- 
tion and increasing track and terminal capacity. All these are 
illustrations of the advantages of central-station generated 
power in economically providing transportation in congested 
areas and performing a service for the traveling public which 
is second to none and would not be economically possible 
with any other type of prime mover. 


DIESEL-ELECTRIC LOCOMOTIVES 


Another somewhat more recent type of motive power is the 
Diesel-electric locomotive, where power is generated on the 
motive-power unit itself and transmitted electrically to the 
driving wheels of the unit; electrification in a sense, without 
the use of central-station generated power and a distribution 
system but with many of the advantages of full electrification. 
In this case the prime mover, the Diesel engine, is without 
question the most efficient method developed to date of burn- 
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UNION PACIFIC DIESEL-ELECTRIC 
STREAMLINBD TRAIN City of 


Los Angeles 


ing fuel, having a thermal efficiency several times that of the 
best reciprocating steam locomotive. This great advantage of 
the Diesel engine, coupled with the advantages of electricity 
in smoothly and quietly transmitting this efficiently generated 
power to the driving wheels, provides a unit that is making 
rapid progress in displacing reciprocating steam power 

So far, its greatest advances have been made in the switching 
field, where its high fuel economy, high availability, and low 
maintenance and operating costs enable it to provide trans- 
portation at a higher rate and a lower cost than any other 
motive-power equipment available today. In many installa- 
tions it reduces the cost of a transportation hour to one half 
that of other types of motive power. Its principal economy 
is in fuel and maintenance, although its ease of handling 
permits it to produce more work in a given time. In many 
operations, where the work is available, this unit will replace 
two units of other types, and it operates with an availability 
of 70 to 80 per cent; that is, many units are operating con- 
tinuously, 7000 to 7500 hours per year. 

From the initial-cost standpoint, it is more expensive than 
the steam unit it replaces, costing from one and a half to two 
times the reciprocating type of locomotive, unit for unit 
Where operating conditions are such that full use can be made 
of its inherent advantages, three units will replace two steam 
locomotives and, in exceptional cases, one unit will replace 
two steam locomotives. So, where conditions are favorable, 
the total cost of the Diesel-electric switching locomotive may 
not exceed the replacement cost of the steam locomotives it 
displaces, and the reduction in operating cost is a net saving. 
Seldom does an installation, by savings in operating cost alone, 
fail to return its original cost in five or, in some cases, four 
years. 

While its greatest use has been in short-movement switching 
service, its most spectacular service has been in the long main- 
line runs in high-speed train service. In the space of a few 
years, it has grown in capacity from 600 hp in a three-car 
train to 5400 hp handling 14 trailing cars. It is daily making 
such spectacular runs as those from Chicago to Denver, 1000 
miles in 16 hours, or the longer runs from Chicago to Los 
Angeles, San Francisco, and Portland, 2200 to 2300 miles in 
less than 40 hours. This operation across the western plains, 
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The Denver Zephyr, ANOTHER 
EXAMPLE OF DIESEL-ELECTRIC 
STREAMLINED TRAIN 


traversing great mountain ranges, from altitudes of nearly sea 
level to those of more than 7000 feet, is truly a spectacular 
performance to be handled by a single motive-power unit. 
Aside from the economy of operation, it has served to bring 
Pacific Coast points nearly one day closer to the Middle West 
and the Atlantic seaboard and, undoubtedly, has been the 
principal means of again concentrating the eyes of the traveling 
public on the railroads and the progress they are making. 

As revenue producers, creators of transportation, no ques- 
tion can be raised. The new appointments and passenger 
conveniences in these modern trains, powered with Diesel- 
electric locomotives, and the saving in travel time have given 
a tremendous impetus to rail travel and a material increase in 
the earning power not only of these modern streamlined Diesel- 
electric trains; but the renewed interest that they have created 
in rail passenger transportation has, without question, stimu- 
lated travel on the more conventional type of train. 


THREE TYPES OF UNIT AVAILABLE FOR LONG HAULS 


So at least as evidence of progress in the art of long-haul 
tail transportation, a greater number of methods are available 
from which to make a selection; steam locomotives, complete 
electrification, and Diesel-electric motive power. While a 
service exists for which each type is most suitable, it is not 
easy to make a decision unless it is clearly indicated by the 
conditions. Railroad men are naturally disposed to favor the 
steam locomotive, and with very good reason. On the other 
hand, advocates of other methods of conducting transporta- 
tion sometimes fail to appreciate the railroad man’s point of 
view. The fact must be admitted by every one that the steam 
locomotive is no longer the only means of moving a train, and 
we may expect that it will be gradually, and in part, replaced 
by other types of motive power more suitable for some par- 
ticular service. This change may take place because of con- 
ditions that are unfavorable to steam operation, but in many 
instances, it will be because of earning a better return on the 
investment. 

Complete electrification will reduce the number of loco- 
Motives required, provide a more powerful motive-power unit, 
decrease the cost of motive-power maintenance, and eliminate 
the many incidental facilities required by steam power. Against 
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these and many other advantages is an initial investment 
which is so large that it must be fully justified. It is not 
always easy to finance a big undertaking, or to convince those 
who provide the funds. Where the expenditure can be shown 
conclusively to be warranted, no hesitation about complete 
electrification should exist. 

Unit electrification with Diesel-electric motive power is 
really a form of electrification with many of its attractive 
features. It has the advantage of requiring a smaller initial 
investment and is not limited as to location. Neither does it 
require any overhead structure and wires. It is not expected 
to accomplish all that is possible with complete electrification 
but, nevertheless, has a large field of usefulness. Certainly this 
type of motive power is challenging the supremacy so long 
held by reciprocating steam locomotives, and, in making this 
challenge, it has established for itself a real place in the 
scheme of supplying transportation and is to be reckoned with 
as a future contender for an ever increasingly important part 
in this field. 

It is dificult to draw any well-defined field of economic 
application for each of these types. Every problem is a study 
in itself. Operating conditions imposed may, in many in- 
stances, govern final selection. It is the old problem of bal- 
ancing increased fixed charges on additional capital involved 
against economies of operation. Obviously, where operating 
conditions are such that the motive-power unit may be used 
in transportation service a large portion of the time, savings 
in operation will more than overbalance any additional fixed 
charges that may be involved. 


MODERN STREETCARS BEST IN SHORT-HAUL FIELD 


Short-haul or urban transportation systems constitute a 
field where development of the private automobile has mate- 
rially changed not only the riding habits of the public but also 
even the public’s attitude toward the type of transportation 
unit used by organized transportation companies. Today, 
much is heard of the passing of the long-established method of 
providing this short-haul transportation, the streetcar, and 
the substitution of other means. Those who speak of this 
phase as a universal change do so without full knowledge of 
the facts or of the electrical units which have been developed 
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in the last few years and supply modern transportation that is 
far beyond anything which has so far been produced by other 
means. Few people realize 
that, in 1936, 13'/, billion 
riders inthe short-haul trans- 
portation field used the ve- 
hicles of organized transpor- 
tation companies in 94 of our 
largest cities which had an 
aggregate population of 54 
millions of people. This 
means that public transpor- 
tation was used 250 times 
during the year by each in- 
habitant. 

Of this total of 134/, bil- 
lion riders, 76 per cent, or 
about 10 billion passengers, 
were carried by the surface 
railways and subways, and 
three quarters of these, or 
71/2 billion passengers, were 
carried by the surface elec- 
tric railways of this country. 
Rapid-transit lines carried about 
the remainder was distributed 
ban lines of the steam railroads, 
busses. 

As in the steam-railroad field, where the reciprocating steam 
locomotive has been so successful in meeting transportation 
requirements, the electric streetcar has, in the short-haul field, 
enjoyed a similar position. Before other types of unit are 
given serious consideration for handling large numbers of 
passengers on the heavy-density lines in our larger cities, they 
must show some real advantage, either in expediting the 
movement of passengers, greater comfort, greater speed, 
handling large numbers of passengers in a short time more 
expeditiously, and at the same time with less congestion 
on our city streets. So far, no transportation unit, other than 
those using electricity, has shown its ability to handle the 
great mass of people better or more expeditiously. 

In this short-haul field, the modern electric streetcar, which 
was developed by the Electric Railway Presidents’ Conference 
Committee and is more popularly known as the P.C.C. car, the 
electric-trolley bus, and the gas- or Diesel-electric motorbus 

are the modera transportation units that are making their bids 
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to retain the short-haul transportation field for electrically 
operated vehicles. 

Perhaps the most spectacular of these developments is the 
P.C.C. car, not only because it embraces the first real advance 
in trolley-car construction in the last 25 years, but more par- 
ticularly because it is demonstrating every day in a number of 
our larger cities, the ability of modern streetcars to supply a 
form of transportation on heavier traffic lines, which, in every 
particular, meets the demands of a discriminating traveling 
public. This car, taking advantage of all developments in the 
transportation field as well as many of those in the automotive 
field, with extensive use of rubber in the springing of the car, 
and new developments in electrical equipment, provides trans 
portation that is more rapid and quieter than one would believe 
possible on tracks operated in congested city streets. No 
modern urban-transportation unit has yet been developed 
which equals the speed, quietness, and passenger-carrying 
capacity of this modern streetcar. No passenger automobile 
can accelerate as rapidly, and none can stop more quickly, and 
all of this is accomplished quietly and smoothly at minimum 
expense in time and power. As in any field of transportation, 
this modern car is no panacea for all urban-transportation 
problems. It will, however, 
go far toward solving the eco- 
nomical movement of passen 
gers on the heavier traveled 
lines in our larger cities 


MOTORBUSSES AND RAPID- 
TRANSIT LINES 


On the lighter lines of 
traffic, its counterpart, the 
electric-trolley bus, 
strangely enough is a 
velopment of the automo- 
tive, rather than the street- 
car, industry, will eco 
nomically produce the same 
character of transportation 
as the modern electric street 
car does on the heavier lines 
Inreality, the electric-trolley 
bus is a motorbus operated 
electrically, thus imparting 
to the self-propelled motorbus all the advantages of elec 
high acceleration and breaking rates, 
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combined with quietness of operation and good lighting and 
heating, while retaining the flexibility of a self-propelled 
vehicle within the operating limits of a specific route. 

Where operation is less frequent or traffic is so light that the 
investment in the overhead wires that are necessary with the 
electric-trolley bus is not justified, and self-contained units are 
desirable from either a flexibility or economic consideration, 
electricity serves as a means for the transmission of power from 
the internal-combustion engine, be it gasoline or Diesel, to 
the driving wheels, providing a smooth flow of power and a 
more comfortable and speedy ride for the passenger. 

In the short-haul or urban field, more units from which to 
choose are now available. Each has an economic place in 
the modern scheme of urban transportation. Each, because 
of the use of electricity either as the means of propulsion or of 
transmitting power, provides a more rapid, smoother, and 
quieter ride than any other transportation unit so far developed 
for this field, and all of this is accomplished with a saving in 
the total cost of providing transportation per passenger carried 
and at a considerably lower cost for power. 


TABLE 1 HOURLY CAPACITIES OF VARIOUS 
TRANSPORTATION UNITS AND COSTS PER ROUTE MILE 


Passengers Cost per 

per hour route mile 
30-Passenger motorbusses—15 min headway 180 $ 8,000- 9,000 
30-Passenger trackless trolley—1s5 min head- 


WAY 56-0 180 14,000-15,000 
40-Passenger motorbusses—15 min headway 240 12,000 
40-Passenger trackless trolley—15 min head- 

ee ; ; ; 24 24,000 
Fairmount Parkway, Philadelphia - 14,000,000 
Michigan Avenue, Chicago ee 4,000 to 
Sixth Ave. Extension, New York : f 19,000,000 
Wacker Drive— levels at ae ae 5 ,000 22,000,000 
70-Passenger motorbus—4o sec headway.... 6,300 245,000 
70-Passenger trackless trolley—4o sec head- 

i) Me 6,300 275,000 
New Jersey State Highway No. 25 9,000 6,000,000 
Modern streetcar 10,800 320,000 
Modern streetcar—three tracks 16,000 500,000 
Interboro subway—older equipment 20,000 
New York City Board of Transportation 

subway—four tracks 180,000 12,000,000 


No mention of urban transportation units would be complete 
without consideration of the rapid-transit lines in our larger 
cities, operating over private rights of way. While these 
svstems involve large investments of capital, their carrying 
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Capacity is enormous. In this, as in other fields of urban 
transportation, developments have kept pace with changing 
requirements. The most recent trains for this class of service 
are known as five-section cars, and consist of five car bodies 
carried on six trucks with articulated joints at each of the 
four inside trucks. The electrical and braking equipment, 
combined with the light weight per passenger, make these 
cars the most effective carriers of rush-hour traffic in the whole 
mass-transportation field. 

In the urban, as in the steam-railroad, field, it is not easy to 
outline definitely the economic application of each of these 
electric transportation units, or to draw a fine line of distinc- 
tion between their economic use in relation to other methods 
of providing transportation in this field. The prime con 
sideration is the amount of transportation to be provided, the 
number of passengers to be moved during the rush hours, and 
the cost of providing this transportation, together with the 
minimum of street congestion. Perhaps Table 1 will serve 
to clarify in some respects both the capacities and costs of 
providing transportation with various electrically operated 
units as well as other forms that are used in the short-haul field. 
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QUALITATIVE ANALYSIS of WEAR 


Progress Report No. 15 of the A.S.M.E. Special Research Committee on 
«Strength of Gear Teeth 


By EARLE BUCKINGHAM 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY, CAMBRIDGE, MASS 


N THE last published report of this Special Research Com- 
mittee! (Dynamic Loads on Gear Teeth, 1931), one of the 
problems noted for future investigation was that of the 

surface endurance limits of various materials. Since then, a 
special testing machine has been designed and built, and many 
tests have been made in the last four years. In addition, care- 
ful study has been made of many worn surfaces of gears and 
other parts in service on many different mechanisms. Here, 
the attempt has been made to identify, as far as possible, the 
cause and effect of several distinctive phenomena of wear. In 
several cases, the conditions believed to be responsible for a 
certain type of wear were maintained on special setups, and, 
when the same type of surface failure is obtained under such test 
conditions, such a qualitative analysis is believed to be substan- 
tially correct. 

On page 44 of the report ‘‘Dynamic Loads on Gear Teeth,”’ 
three types of wear on gear teeth were noted. Since the time 
when that report was written, three additional types of wear 
have been identified. It therefore seems pertinent to start this 
present series of Progress Reports on Wear with a qualitative 
analysis of these six types of wear that we have thus far identi- 
fied. 

Thus far, we have noted the following six types of wear, and 
have identified, with a reasonable degree of accuracy, both 
their causes and their effects: (a) pitting, (d) abrasion, (c) 
scoring or cutting, (d) spalling, (¢) galling or scuffing, and (f) 
seizing. 


TYPES OF WEAR NOT CAUSED BY LUBRICANT FAILURE 


Pitting. As noted in the previous report, pitting appears to 
be the result of compressive fatigue of the material caused by the 
repeated high compressive stresses set up by the contact of 
curved surfaces under load. When these stresses exceed the 
compressive endurance limit of the material, particles or flakes 
are sheared out of the surface. The thickness of these flakes, 
as measured during the tests, varies with the load. For any 
given material under test, the greater the load, the thicker these 
flakes become. In general, their thickness checks closely to 
the distance under the surface of the point of maximum shear 
stress, for the given load and stress conditions. To avoid this 
destructive pitting, the loads imposed must be such that the re- 
sultant stresses do not exceed the compressive endurance limits 
of the materials. 

Some materials, such as hardened steel for example, do not 
appear to have any endurance limit. In such cases, continued 
repetitions of stress, if often enough, eventually result in a fa- 
tigue failure. A material must have a certain degree of ‘‘crack- 
less plasticity,’ to borrow a phrase from Dr. Moore of the Uni 

1 “Dynamic Loads on Gear Teeth,” report of the A.S.M.E. Special 
Research Committee on the Strength of Gear Teeth, published by Tue 
AMERICAN Society oF Mecuanicat ENorinegers, New York, N. Y., 1931, 
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versity of Illinois, to have an endurance limit. With such ma 
terials, life can be lengthened by reducing the stresses, but fa- 
tigue failure will occur eventually if the stresses are repeated 
often enough. 

As noted also in the previous report, incipient pitting is 
generally apparent in most cases before destructive pitting oc 
curs and sometimes is present when the stresses are below the 
endurance limit and no destructive pitting ensues. One sugges- 
tion that has been made is that this type of pitting results from 
the plastic-flow effect on the surface of the material since the 
tendency is to develop a fiber structure as it is rolled in a 
fixed direction, and some small particles of material shear out 
as they are being forced to their new positions in the fiber struc- 
ture. 

With the more plastic materials, when tested under pure-roll- 
ing conditions, a definite plastic flow of the surface material 
occurs. Sometimes this develops into a series of waves on the 
surface. In such cases, the spacing between the waves tends to 
increase with continued rolling, and in many cases they even 
tually disappear entirely. With the introduction of a slight 
sliding between the two surfaces in generally rolling contact, 
this corrugation effect is increased greatly and does not tend to 
disappear again. Under pure-rolling tests on leaded brass, 
small corrugations appeared; the spacing between them in- 
creased; they finally disappeared; then later a pronounced 
blister extending around nearly three quarters of the circumfer- 
ence of the test roll appeared; and finally this surface lamina 
began to strip off in very large flakes. This last represented an 
extreme case of destructive pitting. 

Abrasion. Abrasion is caused by the presence of foreign mat- 
ter such as grit or metallic particles between the contacting sur- 
faces. On gear teeth, it results in scratches or fine grooves 
running more or less at random in the direction of sliding be- 
tween the surfaces. Use of a heavier lubricant may reduce the 
effect of abrasion but will not eliminate it. If the abrasive ma- 
terial is carried between the surfaces by the lubricant, the oil 
must be properly filtered to avoid this abrasion. If the abrasive 
consists of particles of material freed by pitting, abrasion may 
be avoided by sufficiently reducing the loads so that such pitting 
does not occur. Ifthe abrasive comes from some outside source, 
such as abrasive particles in the air of a cement mill or free abra- 
sive released from grinding wheels in operation, effective 
guards should be provided to prevent the abrasive from reach- 
ing the contacting surfaces. Information as to the relative re- 
sistance of different combinations of materials to abrasion is of 
value but, as regards this type of wear in the majority of cases, 
the major problem is to design so as to avoid any likelihood of 
its occurence. 

Scoring. Scoring, or cutting, takes place when, because of 
other types of wear, rough surface finish, misalignment of parts, 
or other imperfections, sharp corners or edges are present which 
cut through the oil film and score the mating surfaces. At 
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times, a scored surface may appear similar to an abraded sur- 
face. Asa matter of fact, when scoring is present, some abra- 
sion is generally present also, because the particles of material 
scored out will act as an abrasive. In general, scratches result- 
ing from scoring will have a more regular pattern than those re- 
sulting from abrasion. In the majority of cases, scoring is a 
result of poor workmanship so that the most effective way to 
avoid it is by exercising more care in producing the mating sur- 
faces. 

One type of scoring or cutting on gear teeth takes place when, 
because of wear, errors in tooth form or spacing, or poorly de- 
signed tooth profiles coupled with deformation under load, the 
entering tip of the tooth of the driven member makes premature 
contact with the flank of the driving gear. This entering tip 
travels in a looped path in relation to the driving gear, a path 
that almost coincides with the profile of the flank of the driv- 
ing gear, so that a very slight displacement because of error, 
wear, or deformation under load will permit premature contact 
to occur. 

When this condition exists, the flank of the driving gear will 
be gouged away and will tend to be shaped to the concave form 
of the trochoidal path of the tip of the entering tooth, thus re- 
sulting in a worn tooth form of double curvature. On worm 
drives, particularly when the half thread angle is small in rela- 
tion to the lead angle of the worm, a similar cutting often takes 
place, so that comparatively large flakes of the bronze of the 
worm gear are not infrequently found at the bottom of the gear 
case. 

Spalling. Spalling is a type of surface failure that sometimes 
takes place on the more ductile materials. It occurs when the 
shear stresses set up by the movement of the elastic and plastic 
wave ahead of the contact area between the curved surfaces ex- 
ceed the shear strength of the material. In many respects, it 
is similar to some types of destructive pitting and results in the 
shearing out of flakes of material of appreciable size from the 
surface, but it does not appear to be a phenomenon that is 
caused by fatigue. 

In some cases, spalling occurs when heavily loaded gears are 
first operated, but, oftentimes, continued operation results in 
cold-working of the surface and increasing the physical proper- 
ties of the surface material while reducing the plastic deforma- 
tion so that spalling ceases and destructive pitting does not de- 
velop later. In many cases, a suitable running-in period under 
increasing loads will cold-work the surface of the material so 
that this spalling will not take place. 

None of the four preceding types of wear is caused by failure 
of lubrication. Any or all of them may exist under the best 
possible conditions of lubrication. 


FAILURE OF LUBRICANT CAUSES TWO TYPES OF WEAR 


Galling. Galling, or scuffing, results from a momentary fail- 
ure of the oil film, sometimes causing high local temperatures 
and also a plastic flow of the skin surface of the material. If 
loose particles of material are released here, some abrasion will 
also take place. On gear teeth, this galling on more ductile 
Materials results in a ridge at the pitch line of the driven gear 
and a hollow at the pitch line of the driving gear because slid- 
ing is toward the pitch line on the driven gear and away from 
the pitch line on the driving gear. Too heavy a lubricant on 
gear teeth often results in such galling because the time between 
Successive contacts of the same pair of teeth is not sufficient for 
the lubricant to flow back again over the contacting surfaces. 
In such cases, use of a lighter lubricant will overcome this 
trouble. 

Galling is difficult to prevent between sliding parts which 
have a slight motion between them or which have a frequently 
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reversing direction of relative sliding because, under such condi- 
tions, a continuous oil film cannot be formed and maintained. 
At the other extreme, galling often takes place when the loads 
are heavy and the rate of sliding is high, because of the fric- 
tional heat and the necessity of using relatively light oils under 
such conditions. In such cases, the oil film is not strong 
enough to support the load, and, as a consequence, momentary 
metallic contact between the sliding surfaces is of frequent oc- 
curence. 

Seizing. Seizing, in many respects, is an extreme case of gall- 
ing. In this case, local temperatures are so high during the 
momentary failures of the oil film that particles of material are 
actually welded or brazed onto the contacting surfaces. On 
gear teeth, such particles so welded on the tooth surfaces then 
act to score the mating tooth surfaces. In the case of plain 
cylindrical bearings, such particles of material may actually 
weld the two members together. To minimize or overcome 
both galling and seizing, many special lubricants, commonly 
known as E.P. (extreme pressure) lubricants, have been de- 
veloped. Where sulphur or chlorine is added to the lubricant 
for this purpose, the probabilities are that these elements act 
as an antiflux and thus prevent the particles from welding 
onto the contacting surfaces. Of the six foregoing types of 
wear, failure of lubrication is responsible for only the last two, 
galling and seizing. 


GEAR-TEETH CONTACTS WEAR AWAY SMALL PARTICLES OF METAL 


The statement is made in one of the British standard specifica- 
tions for gears to the effect that every time a pair of gear teeth 
makes contact, small particles of material are worn away, thus 
resulting in a slow but relatively uniform wearing away of the 
surfaces. Such a condition exists only in the case of abrasion, 
provided that the quantity and quality of the abrasive is con- 
stant; or, in the case of scoring, provided that the cutting edges 
are not worn down and dulled. In most cases, the wear on gear 
teeth is of a periodic nature. For example, if the tooth surfaces 
are rough, wear will be rapid at the start because of the scoring 
and resulting abrasion. After the rough surfaces or sharp 
edges have been worn down and the abrasive particles of ma- 
terial have worked free of the contacting surfaces, practically 
no further wear is evident for a greater or lesser time, depending 
upon the intensity of the load. Under heavy load, the next 
cycle of wear will start when more particles of material are re- 
leased because of the surface fatigue of the material. Then fur- 
ther abrasion takes place, oftentimes followed by scoring or 
cutting caused by the entering tip of the tooth of the driven 
gear gouging out the flank of the driving gear. After this tip 
has cleared its path and the released abrasive particles of the 
material have worked free of the contacting surfaces, another 
period free from wear ensues until the same cycle is repeated 
again. Under suitable conditions of load and lubrication, gear 
teeth may run indefinitely without any signs of appreciable 
wear. 

In addition to the foregoing, the problem of wear is compli- 
cated by the interaction of different materials on each other. 
We learn from experience that certain combinations of materials 
work well together, while others do not. Furthermore, witha 
given construction, a combination of materials that works well 
in given respective positions may not be satisfactory when the 
materials used for the mating parts are reversed. For example, 
cast iron and bronze appeared to be a good working combina- 
tion. A cast-iron worm mating with a bronze worm gear 
shows high resistance to wear, but a bronze worm mating with 
a cast-iron worm wheel shows relatively poor resistance. In 
this case, our experience with these and other combinations of 
materials teaches us that the enveloping member or worm gear 
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should always be made of the more plastic material of the 
combination used. 

Other conditions constantly occur where a plausible explana- 
tion of cause and effect is not so evident. Thus for example, 
why does bronze operate well, as regards resistance to wear, 
with cast iron and hardened steel, but not with soft steel, 
bronze, or phenolic laminated materials? Also, why does soft 
steel operate well with cast iron, babbitt, soft brasses, and some- 
times with hardened steel, but not with bronze, soft steel, or 
laminated phenolic materials? Why does hardened steel oper- 
ate well with soft bronzes, brass, cast iron, babbitt, phenolic 
laminated materials, and often with hardened steel, but not 
with the harder heat-treated alloy bronzes? Oil-hardened steel 
does not always operate well with case-hardened steel. Again, 
two hardened nickel steels do not operate well together always, 
particularly when any appreciable heat exists. Also difficul- 
ties exist when a hardened nickel-steel worm is mated with a 
nickel-bronze worm gear. Why does cast iron generally oper- 
ate well with all other materials? Yet cast iron, in the ‘‘as 
cast’’ condition, is not nearly as satisfactory as when it is 
suitably heat-treated. 

The major purpose of a qualitative analysis is that of a sign- 
post, pointing the way to the most promising fields for more 
detailed investigation. For manyreasons, the detailed study and 
quantitative analysis of pitting and surface fatigue of materials, 
and the establishment of the surface endurance limits of the 
more commonly used materials appear to the author among the 
most important and useful steps to be taken first. 


IMPORTANCE AND USES OF ENDURANCE LIMITS OF MATERIALS 


Logically, the working stresses used for the design of many 
machine parts should be based upon the endurance limits of the 
materials rather than upon their ultimate strength, elastic 
limit, or yield point. The endurance limit is that stress which 
can be repeated indefinitely without causing fatigue failure. 
To insure long life to any mechanism, the stresses imposed in 
actual service should be kept within the endurance limits of the 
materials employed in the construction of the mechanism. In 
many respects, many materials appear to have much in common 
with human muscles; when they are stressed within their en- 
durance limits, their strength increases with repeated stressing, 
or exercise; when they are stressed beyond their endurance limit 
with repeated stressing they will be permanently weakened, 
and, eventually, they will fail by fatigue. 

As noted before, all materials do not appear to have a definite 
endurance limit. To have an endurance limit, a material must 
have some degree of crackless plasticity, or the ability to ar- 
range its structure, without developing cracks, to meet and re- 
sist the specific stresses set up by the loads imposed. Thus for 
example, steel hardened above spring temper does not appear 
to have any endurance limit. Its life may be lengthened by 
reducing the load, but, eventually, fatigue failure occurs when 
the stresses are repeated often enough. As regards the surface 
failure between curved surfaces of hardened steel, tests seem to 
indicate that 


C= NL(10/3) 
where 
C = experimental constant 
L = applied load 
N = number of repetitions of load 


Thus, if the load is doubled, the life will be about one tenth of 
the original life; if the load is reduced to one half of the original 
load, then the life will be about ten times the original life. If 
the endurance limits, both flexional and surface, of materials are 
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known and are used as the basis for the working stresses, then 
the designer can design a given mechanism that will stand up 
against both breakage and excessive wear. Or again, if a 
limited life is acceptable, the designer can proceed with his 
work accordingly and with much more assurance than is now 
possible. 

However, at present in the great majority of cases, the de- 
signer is ignorant of one of the most important factors of ma- 
chine design. This is the knowledge of the actual intensity of 
the dynamic or maximum momentary loads which exist at 
various parts of the mechanism under the service conditions 
Today, this part of machine design is empirical almost without 
any exception. 

Designs have been developed by trial and experiment until 
they perform well in certain limited fields. If that mechanism, 
however successful it may be in its usual application, is used 
under more severe conditions than before, oftentimes, it proves 
to be inadequate for such new use. For example, designers of 
commercial motor trucks have developed, from years of actual 
experience and experiment, designs that prove adequate for 
commercial hauling, most of which is done on hard roads. If 
these same vehicles, however, are used to bring supplies to an 
army in the field, over wrecked roads or no roads at all, the 
chances are that the average service conditions here would im- 
pose average loads of more than double those of commercial 
hauling. Under these conditions, with the many hardened- 
steel parts involved in the construction of the trucks, the useful 
life of such vehicles would probably be less than one tenth of 
their life when used commercially. The motor-transport 
breakdown in Ethiopia was to be expected, when commercial 
trucks were used, by anyone who had an appreciation of fatigue 
phenomena. 

In the same way, considerable uncertainty exists as to the 
real load capacity of many other units. Take, for another ex- 
ample, geared speed reducers. Here may be one that has run 
successfully for several years, transmitting the power from, say, 
a 10-hp motor to a given machine. This does not mean, how 
ever, that the average transmitted power has been 10 hp. It 
may have been nearer 2 or 3 hp. Yet the inclination is to 
rate such a speed reducer at the same power as the rating of 
the motor to which it has been attached. 

The designer may know the extent of the useful or applied 
loads on the several parts of a given mechanism, but the actual 
intensity of the dynamic load is generally a profound mystery 
In the experimental stages, a part may break. This gives some 
measure of the stresses existing in that part, but such breakage 
often causes other damage to the mechanism, including break- 
age of other parts. Under such conditions, to determine which 
part broke first is difficult or impossible. 

If the surface-fatigue characteristics of the materials used are 
known and the surfaces are carefully watched, dynamic loads 
that caused surface failure can be detected before any harm 1s 
done to any other part of the mechanism, and a reasonably close 
measure of their intensity can be made from the condition and 
appearance of the surface failure of the specific part. In other 
words, the surface of the material itself, on which is imposed 
the dynamic loads, can be used as an indicator or measure of the 
extent of these loads. In cases where no surface failure is ¢evi- 
dent and knowledge of the intensity of the dynamic load 1s 
desired, a part of weaker surface strength may be substituted 
for the original one until the desired information is obtained 
Thus, a greater knowledge of the surface-fatigue characteris 
tics of materials will prove to be a most valuable tool for the 
study of the dynamics of many types of mechanism and a measure 
of the actual intensity of the dynamic loads existing there, 4 
subject of which, today, our knowledge is practically zero 
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WEATHER FORECASTING 


By IRVING KRICK 


CALIFORNIA INSTITUTE OF TECHNOLOGY, PASADENA, CALIF. 


NTIL A few years ago, weather prediction could be called 
a pseudo science, since purely empirical or statistical 
considerations formed the basis for its development 
However, in the last decade, sufficient progress has been made, 
both in the quantitative treatment of atmospheric phenomena 
and in the less exact processes of weather forecasting, to place 
meteorology upon a firmer foundation and bring it a step closer 
to the more dignified position of a science. 

Foretelling the weather may never become an exact science 
due to the infinite amount of material necessary to determine 
the boundary conditions in the atmosphere which are required 
for integrating the hydrodynamic and thermodynamic equa- 
tions involved in an exact solution. Even though sufficient 
data were available, the processes of integration would require 
so much time that the weather would be over before it could be 
forecast. Therefore, the synoptic meteorologist is obliged to 
resort to approximate methods, usually graphical ones, in de- 
termining weather changes. In recent years, purely empirical 
methods of prediction have been discarded and charts and 
graphs developed which have a physical meaning and provide 
for the prediction of short-range weather changes with sufficient 
accuracy for all practical purposes. 

In the past, weather prediction was based entirely upon sur- 
face observations and the application of empirical rules de- 
veloped from the observation of migrating pressure centers 
known as ‘‘highs’’ and ‘“‘lows.’’ These methods provided the 
basis for all forecasting services and, indeed, still do in a num- 
ber of countries, although, in most cases, steps are being taken 
to adopt some of the newer concepts. Utilizing such a method, 
an accuracy of only about 70 per cent is possible for predictions 
of 24 to 36 hours. Furthermore, the forecaster is not in a posi- 
tion to check errors, since no physical basis for the forecasts 
exists, and errors of the same nature are often repeated. Thus, 
the forecasting technique that has been in vogue for almost a 
century was doomed to stagnation from the beginning. 


OVER 90 PER CENT OF WEATHER FORECASTS ARE NOW ACCURATE 


In the last four years more advances have been made in 
meteorology than in the preceding century, largely due to the 
requirements of commercial and military aviation and to an at- 
tempt to explain atmospheric phenomena from a physical point 
of view. This has resulted in an accuracy of well over 90 per 
cent for 24- to 36-hour forecasts in areas where sufficient data 
are available. We owe this new stimulus to a Norwegian fam- 
ily by the name of Bjerknes, who not only conceived a rational 
theory of the structure of weather disturbances in the middle 
latitudes but also developed it to the point of practical applica- 
tion 

Let us briefly review the fundamental concepts of the Nor- 
wegian school of meteorology and the elements that have been 
developed in the United States in the last few years. Extensive 
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portions of the earth's atmosphere have been found to approxi- 
mate horizontal homogeneity. Such a body of air has been 
termed an ‘‘air mass’’ and may cover more than a million square 
miles and extend toa height of six or seven miles. Formation 
of an air mass usually results from stagnation of a vast portion 
of the earth's atmosphere over some rather uniform surface, 
either continental or maritime in nature, for a period sufficiently 
long to enable its properties to reach equilibrium with respect 
to the surface beneath. The area where an air mass attains its 
initial characteristics may be termed its “‘source region.”’ 

Sooner or later, air masses formed in this manner take part in 
the general circulation of the atmosphere and leave their source 
regions, which are areas usually confined either to high or low 
latitudes. This movement carries the air across the middle 
latitudes where a modification in its initia] structure may take 
place, particularly in the lower layers, due to the changes in 
the thermal properties of the surface over which it is passing. 
However, these changes do not ordinarily cause abrupt transi- 
tions within the air masses, and, therefore, they may be still 
classified as entities having definite physical characteristics. 
Obviously, air masses originating in cold polar regions differ 
in structure from those obtaining their original characteristics 
over warm tropical latitudes. 

In the course of their migration over the earth's surface, dis- 
similar air-mass types frequently approach one another. In 
such cases, instead of simply mixing, a rather definite boundary 
or surface of discontinuity arises between them. This is called 
a ‘‘front’’ and plays a major réle in modern weather analysis. 
Formation of such discontinuities in the atmosphere is readily 
understood if we realize that the two dissimilar air masses may 
be treated as different fluids, since the cold, dry, polar masses 
will be heavier than the warm, moist, tropical ones. For this 
reason, cold masses tend to underlie the warmer types. 

A simple illustration of a discontinuity-surface formation be- 
tween two dissimilar fluids is afforded when oil and water are 
confined in a vessel. If the fluids are allowed to reach the 
equilibrium state, the water underlies the oil, since it is the 
heavier. A definite boundary surface becomes visible between 
them and, if the fluids are not in motion, will assume a horizon- 
tal position. This is entirely analogous to an atmospheric 
boundary surface separating polar and equatorial air currents. 
However, in the atmosphere, the fluids involved are ordinarily 
in motion, a condition that brings forces into play which cause 
the discontinuity surface to become a sloping one. It assumes 
a position such that the cold heavy air of the system underlies 
the warm lighter type in the form of a very flat wedge. The 
average slope of a discontinuity surface in the lower levels of 
the atmosphere is of the order of 1 to 100. 


ATMOSPHERIC DISCONTINUITY SURFACES SELDOM REMAIN STABLE 


Once an atmospheric discontinuity surface is formed, it sel- 
dom retains its equilibrium position. Therefore, we must 
investigate the development that will take place as accelerations 
arise along the front. Here, again, we may turn to a more 
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and amplitude on the 
water. A higher wind FIG. | 
velocity will induce 
waves of greater amplitude, a longer period, and a longer wave 
length to form on the surface of the water, and, finally, if the 
wind velocity exceeds a certain limiting value, the tops of the 
waves are removed in the form of whitecaps, indicating that 
the discontinuity surface between the air and water has _be- 
come dynamically unstable and that the two fluids are tend 
ing to whirl together. Inthe atmosphere, a similar develop- 
ment takes place when the boundary between two different air 
masses is disturbed by an acceleration of either air mass adja- 
cent to it. In this case, the waves that are formed have char- 
acteristics different from those produced on a water surface but 
obey the same physical laws. Thus, a forecaster with an un- 
derstanding of wave theory is in a position to determine, at least 
qualitatively, the properties of the phenomena, such as wave 
length, period, amplitude, and direction and rate of their 
propagation 

Atmospheric waves are easily spotted on the weather chart 
because the sloping discontinuity surface along which they 
form must intersect the ground. Its trace along the earth's 
surface can be plotted accurately from synoptic surface observa- 
When these atmospheric waves become unstable, a 
condition arises analogous to the formation of whitecaps on 
the ocean or breakers on the beach. The two air masses tend 
to whirl together, transforming the phenomenon occurring 
along the discontinuity from a wave to a vortex. As long as 
the wave along the discontinuity surface is a stable one, the 
air masses adjacent to the front take no part in the movement of 
the wave other than to oscillate during its passage. However, 
if the wave becomes unstable, as is normally the case, the air 
masses take part in the circulation, and their movement be- 
comes important to the forecaster. Air-mass movements on 
the weather chart can be determined readily, and appropriate 
symbols for the designation of the types encountered entered on 
the chart. These may be altered slightly from day to day in 
such a way that the forecaster is continually informed as to the 
source and history of the air masses traversing his charts. On 
a weather map, the crest of a newly formed wave along an at- 
mospheric discontinuity, consisting usually of a northward- 
moving tropical air mass, occupies the center of lowest atmos- 
pheric pressure. The major precipitation areas occur along the 
atmospheric fronts radiating from its center. On the forward 
side of the ‘‘low,"’ precipitation often occurs from a lifting of 
the warm, moist, tropical air of the system over the wedge of 
cold air in its path as it moves northward. Furthermore, to the 
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IDEALIZED CYCLONE OF THE MIDDLE LATITUDES 


of temperature and 
moisture in all air 
masses encountered on 
the weather chart is essential to the forecaster in determin- 
ing interactions between various air masses at their boundary 
surfaces and changes in the structure of the individual air 
masses brought about by the action of the field of motion upon 
them. 


MIDDLE-LATITUDE CYCLONES 


Fig. 1 represents an idealized wave along an atmospheric dis- 
continuity surface, in both horizontal and vertical projections 
This is synonymous with the well-known low-pressure area or 
cyclone of the middle latitudes. The upper drawing is the 
horizontal projection or map of the system and shows a 
warm tongue of tropical air projecting northward surrounded 
by a cold polar mass. The shaded area on the forward 
side of the system represents a region where steady rain is 
falling. 

This is caused by the tropical current overrunning the polar 
mass. Flow in the two types of air is indicated by arrows. It 
changes abruptly as we cross the fronts, indicating that, on the 
forward side of the disturbance, warm tropical air is forced to 
climb a wedge of cold polar air, and, to the rear of the system, 
a wedge of cold air is forcing its way into the warm tropical 
current. The arrow V indicates the direction in which the 
system is moving. A vertical cross section along the line A-B 
is shown in the lower portion of the illustration. On the for- 
ward side of the cyclone, the wedge of cold air is being overrun 
by the warm tropical current with the consequent production 
of clouds and precipitation, caused by cooling of the warm air 
in its ascent. This cooling results largely from expansion of 
the air as it moves aloft to regions of lower pressure. To the 
rear of the cyclone, a cold mass of air is pushing into the warm 
current, lifting it along its forward edge, and also producing 
clouds and precipitation. In this case, the slope of the front 
near the ground is much steeper than that on the forward side 
of the cyclone. This is due to the frictional drag between the 
lower air layers and the ground, which tends to steepen the 
front to the rear of the cyclone and decrease its slope on the 
forward side. A few important dimensions of the system have 
been included to help the reader visualize the magnitude of 
the various elements. 

From this discussion, the old rule associating bad weather 
with a low-pressure area is seen still to hold true in the ma- 
jority of cases. However, the entire low-pressure area is not 
affected by the precipitation, but merely those regions where 
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vertical motion occurs. Furthermore, if the warm air is not 
moist, no amount of lifting over the colder current or an intru- 
sion of cold air will produce precipitation. Thus, all low-pres- 
sure areas are not necessarily accompanied by precipitation, the 
rain being largely a function of the structure of the warm air of 
the system. 

One of the principal problems of the weather forecaster is to 
plot accurately upon his chart the boundaries between various 
types of air from the available observational material. To de- 
termine the variation of temperature and humidity with eleva- 
tion, airplane flights to heights of about three miles are made 
daily at many stations throughout the country. Use of these 
soundings enables the forecaster to determine not only the 
physical structure of the various types of air plotted upon his 
chart but also the positions of atmospheric boundaries aloft, 
so that the slope of important discontinuities can be determined 
readily. This slope, coupled with a knowledge of winds aloft, 
which indicate air-mass movements, enables the forecaster to 
determine how fast air is being lifted over a frontal surface and, 
therefore, its rate of cooling and approximately when and where 
precipitation will develop. When the weather becomes un- 
flyable, these important data are lost, and errors in prediction 
may arise. At present, efforts are being made at various insti- 
tutions throughout the world to overcome this difficulty. 
One solution of the problem will be to send small balloons 
aloft, which are equipped with instruments capable of provid- 
ing the same information as is now obtained from airplane 
flights and a small radio transmitter that will send the data to 
the ground where they will be automatically recorded. Opera- 
tion of this instrument will be independent of weather condi- 
tions. Furthermore, it will rise to much higher levels than the 
present airplanes and relay the information to the ground even 
more rapidly. It will open up the field of upper-air explora- 
tion over the oceans, as yet practically untouched but extremely 
important in all meteorologi- 
cal considerations. Recent 
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the western part of the United States and for the Pacific 
Ocean. This map is drawn from synoptic weather observa- 
tions from the continent and the adjacent oceans, taken at 5 
a.m. Pacific standard time, April 17, 1935. Location of the 
fronts is determined from both surface and upper-air in- 
formation. Heavy solid lines represent a front where cold air 
is displacing warm, double lines are used for fronts where warm 
air is overrunning the colder, and heavy broken lines indicate 
where cold air behind a disturbance has overtaken the forward 
front of the system, closing up the warm tongue of tropical 
air initially extending to the center of the system. After the 
location of the fronts, lines of equal pressure are drawn on the 
chart for every 0.1 in., much as the contours on a topographi- 
cal map. 

In this case, the valleys will be low-pressure areas and the 
knolls high-pressure areas. Low-pressure centers are marked 
with the letter L and high-pressure centers with the letter H. 
All waves along atmospheric fronts in their initial stages are 
seen to be centered in low-pressure areas, and, even the older 
systems, shown by the heavy broken lines, have their fronts 
terminating at the center of lowest pressure. 

Symbols for the various air masses indicating the type and 
the history of the air since it left its source region are plotted at 
appropriate points. Elementary symbols are as follows: Pc 
denoting polar air of continental origin, Pp polar air originating 
over the North Pacific Ocean, Te tropical maritime air from the 
Gulf of Mexico, and Tp tropical air from the warmer portions 
of the North Pacific Ocean. Subscripts to the left of the sym- 
bol indicate the number of days the air has passed over a water 
surface, while those to the right represent the number of days 
it has passed over a land surface since leaving its source region. 
Thus, the air over eastern Utah, 3P;, has moved for three days 
over the waters of the North Pacific and for one day over the 
land after reaching Washington and Oregon. This air is sepa- 





flights with instruments of 
this type which are being 
constructed at the California 
Institute of Technology have 
attained average altitudes of 
over 50,000 feet while con- 
tinuously transmitting to the 
earth the various meteoro- 
logical elements desired. AlJ- 
though, normally, the equip- 
ment is lost following each 
flight, the manufacturing 
cost can be made less than 
that of the present airplane 
flights, thus making the im- 
mediate use of such a device 
practicable. 


CHARTING AIR-MASS 
MOVEMENTS 


Once the map is prepared, 
the weather at a particular 
Station becomes a function 
of the characteristics of the 
air Masses present in the 
forecast interval and the apm, 1? 93s 
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the passage of fronts in this 
period. Fig. 2 illustrates a 
completed weather chart for 


FIG. 2 COMPLETED WEATHER CHART FOR THE WESTERN UNITED STATES AND THE ADJACENT 
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rated from the air to its south, oP ro, by the discontinuity sur- 
face shown onthe map. The latter air mass has had a long so- 
journ both over land and water surfaces and is, therefore, con- 
sidered to be an old polar mass with respect to both surfaces. 
Out over the North Pacific we see a heavy broken line indicating 
a front between rather fresh polar Pacific air, 3Pp, and an older 
type returning to its source denoted by the symbol «Rep. From 
this surface map, the forecaster must visualize the vertical struc- 
ture of the atmosphere. An idealized vertical cross section 
along the line A-B on the map is illustrated in Fig. 3. The ver- 
tical scale has been greatly exaggerated to bring out the slopes 
of the various discontinuity surfaces. Over the Pacific Ocean 
may be noted the boundary between the fresh polar Pacific 
air and the older returning type with tropical air overlying the 
two cold masses. Farther east over the Great Basin, may be 
noted the upper limit of the cold polar air with the tropical 
Pacific air lying at higher levels. The cold air in this case only 
extends to an altitude of about 4 miles, or 6 km, the unit used 
on the illustration. Above these air masses, another wavy 
line is shown which separates the lower levels of the atmos- 
phere known as the ‘‘troposphere’’ from the higher levels of a 
somewhat different structure known as the “‘stratosphere.”’ 
The forecaster must study the oscillations of this boundary as 
well as those between the air masses in the lower levels of the 
atmosphere, if accurate forecasts are to be made for periods of 
five days or more. 


WEATHER MAPS THE BASIS FOR FORECASTING 


After the weather map has been completed, the forecaster 
must compute the movements of the various fronts on the chart, 
as well as the developments that will take place along them in 
the forecast period. In addition, any changes in the structure of 
the air masses adjacent to the fronts, either by movement over 
the earth's surface or by internal motions, must be estimated 
or calculated when possible and desirable. By so doing, the 
phenomena occurring within an air mass which will affect a 
given station in the forecast period are determined, together 
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with any disturbances resulting from a frontal passage during 
the forecast period. Both the identification of air masses and 
the determination of their phenomena, such as showers, charac- 
teristic cloud types, fogs, and the like, can be determined ac- 
curately from specially constructed thermodynamic diagrams 
which provide for rapid calculation of the factors involved. 
Projection of the frontal systems in the forecast period, together 
with the developments along them, are determined by applica- 
tion of hydrodynamic equations to the field of pressure drawn 
on the charts. 

The scope of this paper will not permit a detailed discussion 
of the methods used in determining air-mass structures and the 
developments of disturbances along the fronts. It will suftice 
to point out that, through use of these methods, weather pre- 
diction in the last few years has become accurate enough to war- 
rant more extensive commercial application. This was first 
recognized by commercial and military aviation services, 
inasmuch as their weather problems are three-dimensional 
and are best attacked through use of the principles previously 
outlined. 

Since the method provides for overcoming the difficulties in- 
volved in preparing the detailed forecasts essential to air-line 
operation, it will also meet most of the requirements in other 
fields. Successful application to motion-picture production, 
growing and marketing of citrus products, department-store ad- 
vertising campaigns, and dam and highway construction pro- 
jects, has been made by the author, thus demonstrating the 
practical aspects of the development. It is hoped that con- 
tinued research will lead to the possibility of preparing seasonal 
forecasts of commercial value. The problem offers many com- 
plexities, but unraveling the interdependence of the various 
parameters involved should be possible eventually through a 
continued study of the physical aspects of weather phenomena. 
Needless to say, finding a satisfactory solution of the longer- 
range forecasting problem will result in even greater benefits 
than have already been secured in the case of the shorter-period 
fluctuations. 
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The OLL INDUSTRY 


in MICHIGAN 


N THINKING of Michigan's natural re- 
sources, such items as salt, iron, copper, lum- 
ber, fish, and coal usually come to mind. 

Few would give oil a position of importance 
among the state’s resources; yet, in the last dec- 
ade, Michigan reached a position of importance 
in this particular field. 

In any search for petroleum, certain geologi- 
cal conditions are essential if considerable de- 
posits are to be found. Petroleum is usually 
found deposited in what are known as oil sands 
trapped beneath solid rock which prevents its 
migration or ultimate escape. Usually, surface 
indications of oil-bearing material are also found in the fossil- 
ized remains of sea-animal life from which the oil was origi- 
nally formed. These fossils are generally found in the out- 
croppings of rock, and the oil deposits may be found at some 
point farther beneath the surface. 


GREAT BASIN OF ROCK LIES UNDERNEATH MICHIGAN 


In the early days of the industry, Michigan was not consid- 
ered as having promising geological structures from which it 
could be expected that oil would be produced. Geologists de- 
scribe its underground rock formation as being that of a great 
basin sloping downward toward the center of the state from the 
outer boundaries. The principal rock formations are found 
near the surface along Lake Huron near Alpena, sloping to a 
depth of approximately 2500 ft in the center of the state, around 
Mount Pleasant, and then coming to the surface again in the 
southwestern part of the state near Dowagiac and South Bend, 
Ind. 

Lying far below the main formations from which much 
Michigan oil has been produced is a formation known as the 
Trenton Black River. This also outcrops on the northeastern 
corner of Michigan and comes near the surface at the Indiana 
line, but in the center of the state it dips far beneath the 6000- 
ft level. As a matter of fact, the bottom of the dip has never 
been reached by the drill. This brief description indicates the 
reason for Michigan’s being referred to as a great basin. 

The, principal rock formation, from which the greatest quan- 
tity of oil has been produced in the central Michigan area, is 
the Dundee. Another productive formation is the Traverse, 
but the latter has not been as productive as the former. The 
fact that Michigan is part of a great basin and little surface 
evidence of oil was apparent led early geologists to be- 
lieve that Michigan would never amount to much as an oil- 
producing state. They thought that a few, occasional pockets 
might be found which would be productive, but that sufficient 
oil would not be available to make it a commercial proposition. 
In the early days, slight indications of oil were found in some 
of the salt wells drilled along the eastern side of the state and 
small deposits of crude were found around Port Huron and 
Saginaw. 

[he structure in which oil is found in the Michigan fields 
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What is the future of the petroleum industry in Michigan? Some pre- 
dict that Michigan will be the greatest oil-producing state in the union. 
I am inclined to think that this is a case where ‘The wish is father to the 
On the other hand, more conservative individuals feel that 
Michigan does not have the possibility of becoming an exceptionally great 
oil-producing state. They believe that occasional pockets of oil, such as 
those described and which are capable of producing perhaps as much as 
eight or ten million barrels while they are in production will be discov- 
ered. They feel that these pockets may be more or less numerous but will 
be difficult to locate and that on the whole Michigan will continue to pro- 
duce and new fields will be discovered now and then. These will keep the 
state on the map as an oil-producing factor in this great industry. 


differs considerably from that in most of the other large produc- 
ing areas. Ordinarily, crude petroleum is trapped in a sandy 
structure underlying a hard-rock stratum. The oil saturates 
the sand, filling in the spaces between the particles. When the 
oil sand is penetrated by the drill, the rock pressure under 
which the oil exists causes it to migrate through the opening 
and to rush to the surface with considerable velocity. 

As a rule, all that is necessary to break loose the sandy struc- 
ture and allow the oil to flow without any great restriction is 
to discharge a quantity of nitroglycerin in the oil-producing 
sand. This usually results in shattering the structure so that 
the oil flows readily, and the production of the well is thus 
greatly augmented. 

In the Michigan fields, the situation is somewhat different 
because, instead of being trapped in a sandy structure, the oil 
is found in a more or less porous rock structure. This condition 
greatly retards the flow of oil, and means must be found to open 
the pores and allow the oil to come to the drill hole. Nitro- 
glycerin has not proved to be entirely satisfactory for this pur- 
pose, and after considerable study and research, the introduction 
of acid into the rock structure was found to accomplish what 
the explosive did in the sand structure of the other fields. Acid, 
naturally, has a chemical action on the rock, dissolving it to 
a certain extent, penetrating in all directions through the por- 
ous structure, and thus opening channels through which the 
crude petroleum can flow freely. 


MICHIGAN FIRST PRODUCED OIL COMMERCIALLY IN 1925 


The first real commercial production of oil in Michigan took 
place in what is known as the Saginaw field in 1925, the total 
production being approximately 4000 bbl. This increased to 
94,000 bbl in 1926, and 434,000 bbl in 1927, and then declined 
in 1928 to 231,000 bbl. Production was 113,000 bbl in 1929, 
and the decline in this field continued until, in 1936, only 27,000 
bbl were produced. The total quantity of crude produced in 
the Saginaw field from 1925 to 1936 was 1,248,523 bbl. Due to 
the small current production in this field, the Saginaw is not 
considered of any great importance at present. 

With the development of the Muskegon field, the oil industry 
first began to attract attention in Michigan. Due to favorable 
conditions, efforts were made as far back as 1872 to 1875 to find 
salt in and around Muskegon, and, in drilling for this material, 
an occasional showing of oil was encountered. The discovery 
well in this field which led to its development as a producing 


583 











584 


area was drilled on Dec. 8, 1927, by the Dixie Oil Company, 
and the location was chosen by its geologist, Hugh B. Crider. 
It was drilled to what is known as the Traverse formation at a 
depth of 1360 ft and produced approximately one half million 
cubic feet of gas daily. A little later this well was deepened, 
and an initial daily production of 350 bbl of oil was the result. 
Naturally, the field developed rather rapidly, and soon a num- 
ber of large producing oil and gas wells were in operation. In 
August, 1929, the field reached its peak of production with 
approximately 18,500 bbl per day. Of course, 1929 was the 
peak year for this territory, a total of 3,157,668 bbl having been 
produced. From then, the field declined rapidly and in 1936 
only 96,629 bbl were produced. From the drilling of the first 
well to Jan. 1, 1937, approximately 6,400,000 bbl of oil were 
brought to the surface. Of course, in this time, considerable 
gas was produced and for a period of several years supplied a 
number of the larger industries around Muskegon with inex- 
pensive fuel. Production of gas, of course, is also declining 
with the decline in the production of crude petroleum. 

The next producing area of importance was the Mount 
Pleasant field where the first test well was completed on Feb. 
8, 1928, and the location was selected by W. A. Thomas, geolo- 
gist for the Pure Oil Company. Immediately upon the com- 
pletion of this well, considerable activity began, and a num- 
ber of other wells were drilled. This field covered a consider- 
ably wider area than any that had been previously found, and 
on May 8, 1931, what is known as the east extension or east 
pool was discovered. This was drilled in Midland County 
and had an initial production of 820 bbl. By 1930, the Mount 
Pleasant district had become the leading oil-producing terri- 
tory of the state, and several wells were drilled in the so-called 
east extension, which had a daily production of over 3000 bbl 
apiece. This field reached its peak production in 1932 and 
in this year approximately 5,795,000 bbl of oil were produced. 
Then it began to decline and in 1936 only 880,000 bbl were 
produced. Total production for this field from 1928, when the 
first well was brought in, to Jan. 1, 1937, has been 18,869,000 
bbl. 

Perhaps the next pool of importance was the Porter which is 
located in Porter Township, Midland County. The Dundee 
sand was found at a depth of 3380 ft, and soon the outline of 
this pool was developed. This well was brought in late in 
1931 and total production of the pool for that year was 944 bbl; 
in 1932 it was 7380 bbl; by 1933 it reached 3,354,000 bbl and 
its peak of 8,317,000 bbl was reached in 1935. This is the 
largest production that has been obtained from any one pool in 
a single year. In 1936 production dropped to 4,619,000 bbl, 
and the total to date is 23,467,500 bbl. 


RECENTLY DISCOVERED FIELDS SHOW GREAT PROMISE 


Surrounding this particular territory of central Michigan are 
a number of other relatively small producing areas and the 
search for oil is constantly going on. Within the last few 
months a new pool has been discovered which gives promise of 
being one of the most prolific in the state’s history. It is 
located in Buckeye Township, Gladwin County, which places 
it slightly north and east of the Mount Pleasant field. At 
present, two wells having a daily production of approximately 
3000 bbl have been brought in. Intensive drilling operations 
are now being carried on, and soon this pool will be producing 
oil in substantial quantities, which may be sufficient to restore 
Michigan to the position that she occupied a few years ago of 
being one of the principal oil-producing states east of the 
Mississippi River. 

Principal production of oil has been in this general territory 
running across the center of the state and located around 
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Isabella and Midland counties. However, another field of some 
importance, which is more or Jess remote from the central 
Michigan field, is the territory around West Branch in Ogemaw 
County. The first production from this pool was in 1933 and 
to the present time, approximately 1,500,000 bbl has been the 
result ot these operations. 

In 1935 a new field was discovered in Crystal Township, 
Montcalm County, and this proved to be a rather prolific 
producing field, 3,600,000 bbl being produced in that year. Pro- 
duction in 1936 dropped to about 2,500,000 bbl, and the total 
for the two years was approximately 6,000,000 bbl. Oil pro- 
duced in the Crystal field is of high quality, the gasoline being 
somewhat superior to that produced from the other fields, and 
it also has excellent qualities for the production of lubricating 
oils. 

The operations which have just been briefly described are the 
principal ones to date in Michigan. Various small pools have 
been discovered since the search for oil has become more pro- 
nounced, and productions ranging from 500 to 500,000 bbl a 
year have been brought in from these several locations. A\l- 
together, approximately 32 proved areas have produced quan- 
tities ranging from a few hundred to several million barrels dur- 
ing their existence. 

The total quantity of oil produced in Michigan, between its 
discovery in 1925 at the Saginaw field and Jan. 1, 1937, is 
66,646,316 bbl, and its value is approximately $100,000,000 
Thus Michigan has produced some considerable wealth through 
the development of this particular mineral resource, and possi- 
bilities for a continuation of this activity appear favorable 
This total oil production of Michigan is sufficient to supply the 
needs of the United States for approximately 22 days, based on 
an average daily consumption of crude oil of approximately 
3,000,000 bbl. 


GASOLINE YIELD DETERMINES VALUE OF CRUDE OIL 


In considering the general subject of petroleum, it is essential 
that we examine carefully the quality of the oil produced be- 
cause this is the item that determines the value of the produc- 
tion. In the early days of the industry, the value of an oil 
was based primarily on the quantity of kerosene that it would 
yield because in those days kerosene was the major product de- 
manded by the country; gasoline was a drug on the market and 
frequently drastic means of disposing of it were necessary 
Today the situation is reversed. 

Naturally, with the automotive industry having reached its 
present position and with practically everyone driving automo 
biles and consuming gasoline, motor fuel has for some years 
past been the product of petroleum that is in greatest demand 
Hence today in refining crude oil to obtain its various products, 
we endeavor to make the maximum quantity of gasoline and 
only those small percentages of other products which are neces 
sary to supply their particular demands. The result is that in 
the average refinery operation as carried on today, 65 to 70 per 
cent of gasoline can be produced economically from each barrel 
of crude oil whereas in the early days of the industry 25 to 30 
per cent was considered a good average production. Most 
crude oil as it comes from the ground contains a certain propor- 
tion of the hydrocarbons constituting gasoline, and all that is 
necessary in recovering this fraction is to subject the crude to a 
simple distillation process. The gasoline thus produced will 
represent 25 to 30 per cent of a barrel of crude oil and is known 
as straight-run gasoline. 

To produce an additional percentage of gasoline from a crude, 
the residues must be subjected to a cracking process, whereb) 
the heavier, complicated hydrocarbon molecules are split up 
into smaller, simpler ones having the characteristics of gasoline 
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and, therefore, coming within the gasoline range. The quan- 
tity of gasoline that can be made from a given crude, therefore, 
determines the latter's value to a great extent. Asa matter of 
fact, the price of crude oil is usually adjusted according to its 
gravity, which is really an index of the gasoline it contains. 

In more recent years, another important factor in the evalua- 
tion of crude oil has developed, which involves the quality of 
the gasoline produced in addition to the quantity. With the 
development of the modern high-compression engine, certain 
types of gasoline were found to perform better than others. 
This is especially true in connection with the tendency of the 
gasoline to knock or detonate in the engine. It soon became 
evident that a relationship seemed to exist between this tend- 
ency to knock and the chemical structure of the hydrocarbon 
molecules involved in the fuel. Those gasolines whose chemi- 
cal structure is principally of the paraffinic or highly saturated 
type definitely detonate more severely in the engine than do 
those gasolines whose chemical structure is of the naphthenic 
or olefinic or unsaturated type. It soon became evident that 
various crude oils produced in this country could be classified 
as to their saturated or unsaturated characteristics and, there- 
fore, as to their value as motor fuels. 

Pennsylvania type crude oil has been known to be of a highly 
paraffinic or saturated character, and gasoline produced from 
this crude has been consistently a hard-knocking fuel. On the 
other hand, certain crude oils produced in California were of 
just the opposite nature, and motor fuels refined from such 
crudes are excellent from the standpoint of their antiknock 
value. The antiknock value of gasoline is measured in terms of 
octane numbers, and the average octane number of standard 
grades of gasoline is about 70. To illustrate the difference be- 
tween crudes of extreme characteristics, a straight-run gasoline, 
distilled from Pennsylvania crude, has an octane number of 40, 
while a similar gasoline, distilled from California crude, would 
have an octane number well above 70. 

Examination of gasoline produced from the average Michigan 
crude showed that it was still lower in quality, as far as anti- 
knock rating is concerned, than that produced from Pennsyl- 
vania crude. The great majority of samples of straight-run 
gasoline produced from Michigan crude tested as low as 30 
octane number. Naturally, a gasoline of this type would not 
perform with any degree of satisfaction in the more modern 
engines. For a long time, therefore, Michigan crude was 
handicapped by the quality of gasoline that it produced. 

Cracked gasoline produced from a given crude will have a 
relatively higher antiknock value than straight-run gasoline 
from the same crude. This is due to the fact that, in the crack- 
ing process, the hydrocarbon molecules produced are usually 
highly unsaturated and, therefore, have desirable characteris- 
tics for a good antiknock gasoline. In cracking residues from 
Michigan crude, a relative improvement in antiknock value of 
the cracked fuel was secured, but, with the highly saturated 
cracking stock from which the gasoline is made, the octane 
number of the cracked fuel is lower than that of cracked gaso- 
line from other crudes, such as that produced in the Mid-Conti- 
nent area. 


MICHIGAN CRUDE YIELDS SOLVENTS, NAPHTHAS, LUBRICANTS 


Therefore, refiners operating on Michigan crude were faced 
with a definite problem of finding a market for what gasoline 
it was absolutely necessary to produce, and also of developing 
other products from this crude which might have a more defi- 
nite value. Asa result, a number of the larger refiners operat- 
ing in the Michigan fields specialize in the manufacture of spe- 
cial products such as solvents and naphthas. Substantial quan- 
tities of the latter are used in the paint and cleaning industries 
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as well as in other activities of a similar nature and considerable 
quantities are also required as rubber solvents and in the manu- 
facture of varnishes and lacquers. Furthermore, production of 
kerosene and domestic and industrial heating oils has become a 
definite item in the use and disposal of crude oil produced in 
Michigan. 

For the production of lubricating oils, Michigan crude has a 
definite value. Like Pennsylvania crude it produces a large per- 
centage of lubricating-oil stock which has a high quality. 
Some of these crudes have analyzed as high as 15 per cent of 
lubricating-oil distillate and 15 per cent of steam-refined stock. 
The latter can readily be converted into filtered and bright 
stocks which are the basis for the great majority of automotive 
lubricating and industrial oils produced and consumed in the 
country today. Thecost of building plants for the manufacture 
of lubricating oil is relatively high and can be justified only 
where the source of supply is known to be permanent and of uni- 
form quality. The average refinery operating in the Michigan 
field is not in a position, economically, to go into the refining of 
lubricating oils and the result is that even today no refinery 
which produces lubricating oil from Michigan crude is operat- 
ing in the state. In recent years, a considerable quantity of 
crude oil has been transported out of the state by some of the 
larger refiners who have plants at Toledo, Cleveland, and other 
nearby points. Probably much of the crude so consumed is con- 
verted into lubricating oils at these plants. 

Development of oil-producing territory naturally leads to two 
other activities, operation of refineries for processing the crude 
produced and of pipe lines for transporting crude from the pro- 
ducing field to refineries. As a result of the discovery and pro- 
duction of crude oil in Michigan, several refineries have sprung 
up that are designed primarily for producing finished products 
from Michigan crude. At present, about 20 refineries ranging 
in capacity from 1000 to 12,000 bbl per day are in operation. 
The largest is that of the Socony-Vacuum Oil Company located 
near Trenton, Michigan. This plant, however, operates almost 
entirely on Mid-Continent crude which is transported to it by 
pipeline. Occasionally, this plant uses some crude from Michi- 
gan fields, but it is not a factor in the processing of Michigan 
oil. 

Several plants are operating in and near Mount Pleasant, one 
having a daily capacity of 6000 bbl and producing, in addition 
to gasoline and burning oils, a small quantity of lubricating oil. 
At first they were simply skimming plants, that is, plants de- 
signed simply to distill off the natural gasoline contained in 
the crude oil. In the last few years, cracking plants have been 
built at some of these large refineries and a larger percentage 
of gasoline is now being recovered. This gasoline, as already 
pointed out, is superior in quality to the straight-run gasoline. 
The total daily capacity of the plants operating in Michigan 
is between 50,000 and 60,000 bbl and deducting the capacity of 
the Socony-Vacuum plant, which does not use any quantity of 
Michigan crude, the capacity of refineries capable of operating 
on Michigan crude is between 40,000 and 50,000 bbl per day. 


PIPE-LINE, STEAMER, AND RAIL-TRANSPORTATION FACILITIES 


Naturally, when Michigan was producing as much as 100,000 
bbl of crude oil daily, the refineries’ capacity was considerably 
below this figure, and it was necessary to find outlets for the 
excess crude through other refinery activities. This necessi- 
tated transporting considerable quantities of crude to refineries 
located outside the state. Where crude oil is transported in any 
considerable quantity, it is usually done by pipe lines. These 
consist of an underground piping system, varying from 4 in. 
to 18 in. in diameter. 

When it became evident that Michigan was to bea substantial 
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producing state, a pipe line was installed from the central 
Michigan producing fields to Bay City on Saginaw Bay. By 
this line, oil was carried to Bay City and then loaded in tank 
ships and transported to such refining centers as Toledo and 
Cleveland. 

Within the last few years, another pipe line running from 
central Michigan territory to Toledo has been installed. This 
is an 8-in. line and is capable of transporting a considerable 
quantity of crude to the Toledo refining center. In addition to 
these pipe lines, a number of small lines have been constructed 
from the producing fields to tank farms and to the small re- 
fineries located in the producing area. 

Crude oil is also transported in large quantities by rail and 
practically all the finished products are moved by rail, although 
a limited quantity is transported by truck. Thus, the railroads 
secure their portion of business as a result of the development of 
crude oil in Michigan. 

In the last few years, cracking plants have been developed 
which do a fairly good job of producing an acceptable quality of 
gasoline from Michigan crude, and a few of these plants are 
now in operation in the Michigan field. When a crude oil of 
a distinctly different type, as that produced in Michigan, first 
appears on the market, considerable research work and engi- 
neering developments are required to adapt equipment to its 
processing, this has now been completed as far as Michigan 
crude is concerned. We may now expect to be able to: make 
products from Michigan crude which are comparable to those 
produced from other sources. 

Petroleum has become a very definite economic factor in the 
activities of the State of Michigan. As is usually the case, poor 
farmers who have been struggling along, trying to extract a 
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living from the soil, have suddenly found themselves surrounded 
by wealth as a result of the discovery of riches in the form of oil 
beneath the surface of the barren acres. The state itself has 
been considerably enriched as a result of this industry for much 
of the oil produced has come from state-owned land. Michigan 
has experienced, in a small way, some of those things that have 
happened to other localities. 

What is the future of the petroleum industry in Michigan? 
Some predict that Michigan will be the greatest oil-producing 
state in the union. I am inclined to think that this is a case 
where “‘The wish is father to the thought.’’ On the other 
hand, more conservative individuals feel that Michigan does 
not have the possibility of becoming an exceptionally great 
oil-producing state. They believe that occasional pockets of 
oil, such as those already described and which are capable of 
producing perhaps as much as eight or ten million barrels while 
they are in production will be discovered. They feel that these 
pockets may be more or less numerous but will be difficult to 
locate and that, on the whole, Michigan will continue to pro- 
duce and new fields will be discovered now and then. These 
will keep the state on the map as an oil-producing factor in this 
great industry. 

Which of these schools of thought is right is not for me to 
say. I am inclined to be conservative and go along with the 
latter group, hoping that for the good of our people as a whole, 
for the good of the state and for the general good of the indus 
try, Michigan will continue to be a substantial producer of 
wealth in the form of crude petroleum. My hope is that petro- 
leum has definitely joined with salt, copper, iron, and lumber 
to make Michigan one of the outstanding states in the union 
from the standpoint of the value of its natural resources. 


By John P. Mudd for the Midvale Co 


Work of MECHANICAL ENGINEERS 
in CHEMICAL PLANTS 


By JAMES ELLIS 


TENNESSEE EASTMAN CORPORATION, KINGSPORT, TENN. 


HEMICAL plants, in common with most others, have 

work entirely within the province of mechanical engi- 

neers. This work would be that having to do with 
power or with the shop operations connected with mainte- 
nance. Another definite place in the chemical industry where 
mechanical engineers may function with pleasure and satis- 
faction to themselves and with profit to their employers is 
acting as the coordinating agency between those responsible 
for originating chemical processes, and the design of the com- 
mercial units to put those processes to work. As industry 
generally must have more than men and money, so the chemical 
branch must have more than chemists. An engineer of some 
sort must assist in transferring the chemist’s process from the 
glassware stage to economical production. This man may 
well be mechanically trained for the problems are many and 
varied. They involve to some degree all other branches of 
engineering, and the training of mechanical engineers appears 
to provide that breadth of vision necessary to see the problems 
in a proper perspective. 

In discussing the work of a mechanical engineer in a chemical 
plant we must, of course, say what kind of a chemical plant 
we are talking about. Almost all industry is tied up in some 
way with a chemical process, and our chemical friends are 
always on the alert to find new and different places where they 
or their brethren may be useful. The type of chemical plant 
in this discussion belongs to what chemists themselves broadly 
call the process industries and is, in general, concerned with 
the treatment of materials so that they change their form or 
purity and then are shipped somewhere else to be put to final 
use. Many of the operations are carried out upon liquid chemi- 
cals or in processes where liquids occupy an important position. 
A very definite need exists for some type of engineering thought 
in these plants, and our purpose is to show that this work can 
be done well by mechanical engineers, and, further, that in 
many cases, the mechanically trained man is better qualified to 
do this work than others. 

Naturally, if a mechanical engineer goes to work for an in- 
dustry that is engaged in putting into commercial operation a 
new process, a chemist has devised that process. That is his 
job, and it is generally presumptuous for a mechanical man to 
tell the chemist how to do his job. Frequently, the mechani- 
cal man may feel that choosing the materials of construction is 
his own work. It should not be, for the chemist is in best 
position to say what his chemicals will attack. 


CHEMICAL-PLANT EQUIPMENT COVERS NUMEROUS CLASSIFICATIONS 


Equipment of a chemical plant falls broadly into just a few 
Classifications, among which are the buildings, power and 
Steam supply, refrigeration and temperature control, water 
supply, materials-handling or conveying machinery, mixing 
and grinding machinery, drying machinery of various types, 
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distillation equipment, such peculiarly special-purpose devices 
as autoclaves, and piping. In addition to these, each chemical 
plant may have machinery unique to that plant or to that 
branch of the industry. All of these may provide work that a 
mechanical engineer can do to advantage for his employer. 
His talents or training should make him valuable as an inter- 
mediary between the chemist, who devises the process, and 
the owner, who expects to make money from it. This last 
should always be kept in mind. Little reason exists for an 
owner to build any plant unless he can make money, and, there- 
fore, the engineer has failed if the results do not enable a profit 
to be made. 

In the general classification of chemical-plant equipment, 
buildings were included. This ‘may seem strange to some. 
Yet, if a building is required, it must be fitted to some purpose, 
such as a school, post office, or chemical plant. The chemical 
industry has few really standardized processes, and frequently, 
a new building must be designed to house a new process. We 
cannot look in a book and see what someone else has done, as 
we can for a powerhouse, but must study what is required 
and really design an economical arrangement of apparatus and 
supporting structure. 

This might well be the architect’s work, yet the mechanical] 
man is, or should be, in better position to coordinate the various 
requirements than the chemist, who is concerned about his proc- 
ess, or the architect, who is interested in appearance, economy 
of construction, and in the multitude of detail that makes up a 
building, or the structural man, whose job is primarily that of 
strength and economy. The mechanical engineer in a chemical 
plant should train himself so that he can design the building in 
so far as its general outline is concerned and should have enough 
knowledge of these other building professions so that he can de- 
fine the limits to which the architect and the structural man 
must work. Therefore, he must be versed in building-design 
considerations. He must know when to use concrete, steel, or 
wood. He must know, or be in a position to find out, what 
would be economical proportions for his building. Probable 
life of the process and the use of the building for other purposes 
in the future may influence his judgment as to what loadings 
the floors and columns should be designed to stand. 


VARIED PROBLEMS OF MECHANICAL AND ELECTRICAL EQUIPMENT 


Practically all of the chemical plants within the scope of this 
discussion require the use of steam for some purpose other than 
building heat. There, the mechanical engineer is well within 
his element, and little will be said here about steam plants or 
piping for chemical plants. Economical steam-generating 
pressures must be studied, as well as the possibility of supplying 
process steam with back-pressure or extraction turbines. 
Power-plant design for chemical plants may warrant special 
consideration being given to continuous operation, as this is 
vital to some processes. 

Electrical work in a chemical plant falls in much the same 
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category as buildings, that is, someone must define for the 
specialists just what is required 


At first glance, this problem 
may appear simple enough just to say that so many motors are 
located at such and such a place, and let the electrician run 
wirestothem. This is not true, for many other factors must be 
considered. Choice of motor sizes for chemical machinery, 
as distinguished from pumps or conveyors, is not easy. In the 
case of standard machines, the machinery builder has found 
what size motors are usually used, but he does not always know 
what use is to be made of his machine, and usually no one else 
does, if the installation is entirely new. 

In addition to steam heat, many chemical operations require 
reduced temperatures, which means refrigeration. Here, the 
mechanical engineer should be at home. Air conditioning of 
buildings is becoming of increasing importance in various 
industries, and, while it has become specialized, it is essentially 
a mechanical-engineer’s work, and he should be prepared to 
know what to do. Choice of refrigerating systems is greater 
now than in the past, and the selection of what to use may re- 
quire a little more thought and judgment than formerly. Of 
course, the engineer should see that his employer obtains the 
system that will be most economical. 

At the other end of the scale, some chemical plants require 
rather high temperatures. Not as high perhaps as those used 
for metalworking, but too high, in many cases, for steam and 
usually involving rather close temperature control. Here, he 
has his choice of burning fuel directly or using liquids other 
than water, such as hot oil, which may be used up to about 600 
F, or mercury vapor, or diphenyl. If the fuel can be burned 
directly, he again has the choice of coal, oil, or gas. Which 
of these to use will depend upon the results of study which can 
be made by the mechanical man as well as anyone. Electric 
heat is, of course, desirable in many cases. 

Another class of equipment is conveying machinery, which 
for a chemical plant does not differ from that which might be 
found in a woodworking plant or a coal tipple. The same 
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PROCESS EQUIPMENT SOMETIMES 
PRESENTS A STRANGE 
APPEARANCE 


rules apply, and the same people make them. One problem 
for the engineer in connection with conveying machinery, 
which is often overlooked, is to inquire if it is really necessary 

That is, will it save its cost in labor in a reasonable time, and, 
then, what is a reasonable time, considering useful life of chemi 

cal plants. 


EQUIPMENT FOR MIXING, GRINDING, AND DISTILLING 


A class of machinery that is almost exclusive to the chemical 
industry is mixing machinery. Of course, we have concrete 
mixers in the building industry and dough mixers in bakeries, 
but, only in the chemical industry, do we find almost any kind 
of a device called a mixer and used as such. They may vary 
from a tank containing a mechanical agitator that stirs two 
liquids to the heavy machinery that rubber factories call 
mixers. Just what machine to use in a given case depends 
upon what is wanted in the final product, the type of ingredi 
ents, and upon the personal predilections of the man who makes 
the selection. 

When a chemist speaks of grinding something, he does not 
have in mind reseating a valve, or making a shaft round and 
straight, but rather making small pieces from larger ones 
The usual devices for accomplishing this are ball mills, such 
as are used in the cement industry, hammer mills, and attrition 
mills. Of course, certain problems require other types of 
machinery, but the principles are much the same. Here, as 
in the case of mixers, the decision as to what to use is rather 
indeterminate. 

Many chemical problems involve removal of water or other 
solvent from the material as a final stage in the process. As 
in the case of mixers, a number of types of driers can be used; 
sometimes, several can be used on the same problem. We 
will not undertake to classify these, for fear of starting an 
argument. The work of the mechanical engineer in this 
connection is usually limited to making certain that the me- 
chanical features of the machine are satisfactory, leaving it to 
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someone else to say whether the machine will accomplish the 
results desired. 

Perhaps, the most typical chemical-plant operation is distilla- 
tion. There are few processes that do not employ distillation 
insome operation. Distillation, of course, is simply the separa- 
tion of two substances, usually liquids, by the application of 
heat. The work of the mechanical engineer in assisting the 
chemist to set up this type of plant is usually confined to provid- 
ing proper support and space for the apparatus and bringing 
steam and water to it. He may, of course, be called upon to 
compute the size of equipment required, using all the knowledge 
he can find and then making a good guess at what no one 
knows. This is all that anyone else would do, for that matter, 
for, unless exactly the same job has been done before, predicting 
the specific performance of any individual unit becomes almost 
impossible. 

Many chemical operations employ vessels called autoclaves 
wherein reactions take place under pressure, usually with agita- 
tion or heat, and sometimes both. In connection with them, 
the mechanical engineer will find that his work is simply to 
plan the piping to them, although he may be called upon to 
check their strength. 

Piping might have been mentioned along with conveying 
machinery, for it is the means of moving a type of material from 
one place to another. While chemical-plant piping is com- 
plex, when it is of iron, it is essentially no different from that 
of a steam plant or a water works. Most of it is for low pres- 
sures and generously sized. As a rule, temperatures are con- 
stant, so that the problems of expansion do not become of 
great importance. Inasmuch as the materials handled are 
worth more than water, piping systems should be designed so 
that they can be kept absolutely tight. In running pipe lines 
about the plant, the tendency is to keep them in the open so that 
leaks can be promptly detected. 

When the piping is other than iron, the work is more dif- 
ficult. Other metals are more expensive, so that the economic 
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problem is to make the piping smaller, usually by increasing 
the duty of the pumps used 

Valves for chemical-plant service are of more importance 
than for steam or water. In almost every instance, corrosion is 
greater than with water, and, of course, valves will be affected 
first. If other than iron, cost will be an appreciable factor, so 
that much consideration must be given tothe material. Again, 
we cannot consider that any valve will last for the life of the 
plant, as we might do in a steam plant, for small leaks that 
would be tolerated with steam are not allowable here. 

The principles mentioned in connection with piping apply 
to pumps. Water pumps, of course, are selected on the same 
basis as any other water pumps. Possibly, the matter of ob- 
solescence might have more weight 

Application of power-transmission equipment to chemical 
plants takes a different form from the usual run of factories 
As a rule, the line-up of machinery does not permit using line- 
shafting and belt drives. Where it does, the procedure is, of 
course, the same as any similar job. Room for considerable 
ingenuity exists in the application of direct motor drives to 
chemical-plant machinery, and successful choice of the connec 
tion between the motor and the machine is frequently hard to 
obtain. Several types of apparatus are available for producing 
variable speed, as well as variable-speed motors. Each of 
these, no doubt, has its place, and one would be foolish to say 
that he would always use such and sucha type. In discuss 
ing drives of any kind, we should always consider whether 
the service is to be continuous or part time. Naturally, ma- 
chines that are expected to run all the time should have drives 
designed for that purpose 


ECONOMIC FACTORS TO BE CONSIDERED 


No discussion of anything pertaining to a chemical plant 
would be complete unless some mention were made of the eco- 
nomic factors. After all, the only reason for the plant's exist- 
ence is to make money, and, while seeing that the plant makes 
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money, is the problem of the management, yet, all those who 
have anything to do with the building or operation should 
keep always before them the thought that the operation as a 
whole must make a profit. This desideratum can be accom- 
plished in more than one way. Sometimes, it is done by 
specifying the most expensive equipment. At other times, it is 
done by putting in the cheapest possible installation, perhaps, 
the one that uses the most labor, simply because the process is 
not expected to last long. While this problem may not be 
the specific duty of the mechanical engineer, he should endeavor 
to see the whole picture and make sure that his recommenda 
tions are in line with such a policy. He may not be proud of 
his work, but, if it makes money, it is a success. The finest of 
layouts, if it will not make money, is necessarily a failure. 

Intimately associated with this thought of obsolescence is 
the cost of labor. Aside from social considerations, it is ob- 
viously of little use to put a complicated automatic device at 
work unless it will save several times its cost during its esti 
mated life. It is better to spend the money as needed during 
the life of the process for labor 

Cost of heat and power does not always get the consideration 
itshould. Many are tempted to install heat-recovery devices in 
localities where fuel is cheap, just because they have heard 
that someone else does it. At the same time, the effect of a 
slight saving in the cost of power may be overemphasized. On 
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certain occasions, a pump, for example, might well use a few 
more horsepower, to accelerate some operation. 

Finally, as has been suggested, chemical-plant equipment is 
not installed with the same permanency in mind as that of a 
steam plant would be, and we should have ever before us that 
thought of what we will do with this equipment in the future. 
Upon occasions, we might spend more for something that we 
think we can use in the future for another job. This is par- 
ticularly true of buildings or of extensive platforms installed in 
existing buildings. 

From what has been said, it may appear that a mechanical 
engineer in a chemical plant is required to be some sort of a 
wizard who attaches himself like a parasite to a chemist 
In a sense, this is true. The chemical-plant engineer needs to 
take in the whole scope; be a little more versatile than in 
many other industries, and combine in himself most of the 
phases of engineering that have lately become specialized and 
divided. True, he need not know as much about chemistry as a 
chemist, or as much about building as an architect, or as 
much about electrical matters as a motor designer, but, some- 
how or other, he must be familiar enough in all of these fields 
to coordinate them in a smooth-working and harmonizing 
organization. A really good artist in this field, for it is an art, 
might have been trained in any branch of engineering, yet the 
mechanically trained man is perhaps best qualified of all. 
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Aims and Objectives of an 
ENGINEERING EDUCATION 


By GEO. A. ORROK 


CONSULTING ENGINEER, NEW YORK, N. Y. 


DISCUSSION of this subject is, of necessity, colored by 

the experience of the commentator. If his experience has 

been solely in the manufacture of cotton goods, he may 
feel that far too little attention has been paid to textile ma- 
chinery and that his early education in the technique of air con- 
ditioning was woefully weak. On the other hand, if his ex- 
perience has been with the public utilities, he may look back 
with regret upon the small attention paid to thermodynamics 
and possibly regret that more instruction had not been given in 
electric-power transmission. If his activities had been along 
other lines, his viewpoint as to the training of an engineer 
would be totally different. If it were possible to look ahead 
10 or 15 years and determine the activity of any present college 
student, it would be very easy to lay down a course of training 
that would be particularly suitable to that man’s future. It is 
consequently very difficult to specify definitely the aims or ob- 
jectives of an engineering training. 

Since this must be a personal viewpoint, I can only discuss it 
on the basis of my own engineering experience. And it is not 
too much to expect that many of our engineering graduates will 
meet as wide a diversity of problems as I have met. Although 
the major part of my activities have been in connection with the 
generation of power, I have at other times mined coal, pros- 
pected for gold, operated cable roads, built underground trolley 
systems and floating dry docks, and constructed hydroelectric 
plants, blast furnaces, coke ovens, cement mills, sugar mills, 
paper plants, and other industrial plants. Since I am asked to 
answer this question, I can only say that any engineering train- 
ing must be fundamental in character and as broad as possible 
and any specification that I might lay down would be neces- 
sarily colored by my own engineering education and practice. 


HISTORY AND OBJECTIVES OF THE COMMON-SCHOOL SYSTEM 


It is possible that I may be peculiarly well-fitted for discussing 
this interesting subject because, although my activities for the 
last 50 years have been along mechanical-engineering lines, I 
did not receive a mechanical-engineering education. In fact, I 
was not educated as an engineer but spent three years in college, 
hoping to become a chemist. In entering the engineering field, 
I found it necessary to do much outside study that might have 
been done better in college, but, if I have achieved any success 
as an engineer, it has been due largely to the training in methods 
of thought and education that I received not only in my alma 
mater but in the common and secondary schools of the old Bay 
State. ’ 

The object of all education is the making of good citizens. 
Our common-school system was established by our early Puritan 
ancestors for this purpose as one of their first activities after 
they landed on this coast. Three miles to the south of us is 
Meeting House Hill, on which are located the three school- 
houses now known as the Mather School. This school was 
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founded in 1629 at the first town meeting of the Dorchester 
settlers who taxed each citizen for the support of the school, the 
first free public school to be supported by taxation. Roxbury 
followed shortly after with the Roxbury Grammar School, 
which was followed two years later by the establishment of 
Harvard College by the Provincial Government in 1636. The 
Mather School, though the first public school in America, was 
not the first school of this type in the world, for the Low Coun- 
tries had schools supported by taxation before 1620, and it is 
believed our Dorchester people knew of them. At any rate, the 
early fathers considered that a citizen should be able to read, 
write, and cipher, and the three ‘‘R’s’’ were well taught at the 
end of a hickory stick. From these small beginnings our com- 
mon-school system has grown until today each child gets 10 to 
11 years of schooling at the expense of the taxpayer. Our New 
England school system has spread over the whole of the United 
States and Canada and the overseas possessions. 

Secondary education has grown from the desire for a classical 
background as a preparation for the ministry. The Roxbury 
Grammar School early became a Latin school and prepared for 
college. High schools and academies appeared in New England 
at the beginning of the nineteenth century, carrying the classi- 
cal tradition with additional mathematics and later a smatter- 
ing of the sciences. But most of the work still bore on the 
duties of citizenship. Since 1870, common and secondary 
schools have flourished, but, since 1900, the classical tradition 
has been waning and secondary education has become more and 
more commercial. Faddism has been rife—tap dancing, clay 
modeling, sloyd, weaving, music appreciation, and a multitude 
of arts and fashions have cluttered up the courses of both com- 
mon and secondary schools. Spelling has become almost a lost 
art. Far too many sweet girl graduates spell ‘‘such’’ with a 
‘‘t."’ Geography and history have degenerated into story- 
telling, and a few there are, indeed, who know the towns and 
counties of their own state, while many high-school graduates 
cannot add accurately a column of figures without an adding 
machine. Penmanship, which became legible in the 60's and 
clear in the 70’s and 80's, has now, under the influence of the 
typewriter, gone back to the illegibility of a century ago. 
Euclid has been superseded by the so-called “‘modern school"’ 
which Lewis Carroll preached against in a book not so well 
known as “‘Alice in Wonderland.’ That engineers are pro- 
duced from such material is a wonderful fact, and it is also 
wonderful that good engineers have been developed apart from 
the present educational schedule. 


WHAT PROSPECTIVE ENGINEERING STUDENTS SHOULD KNOW 


The first essential for a good college course in mechanical 
engineering is a class of boys well-trained in our common and 
secondary schools. They should be able to read at sight, easily 
and well. If they have been taught properly they will read 
fast, say one hundred 16mo pages per hour. They should 
have mastered the arithmetic, be able to add a column of fig- 
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ures, and have mastered high-school algebra, geometry, and 
trigonometry. They should write a legible hand, spell reascn- 
ably well, and write good English freely. They should be 
familiar with many good examples of English literature, in- 
cluding Shakespeare and the King James version of the Bible. 
They should have a working knowledge of American and 
English history, be able to distinguish between Roman law and 
our English common law, and be familiar with the Constitution 
of the United States, the state constitution, and the systems of 
town and county government. In geography, they should 
know their own county and state and the United States, draw 
memory maps with natural features, have a general idea of alti- 
tudes and distances and of locations of important cities and 
ports and railroad, steamship, and air lines. And this should 
not be too much to gather from 13 to 15 years of schooling at 
the expense of the taxpayer. If, in addition, the candidate can 
offer a reading knowledge of one foreign language, this is the 
least we should ask from the public-school system. 

But this is not all the candidate should present. Between 
three and four years of this school time are vacations, for recup- 
eration from the arduous work of the school, for games, travel, 
and similar recreation. Is it too much to ask that the boy 
should have worked at one or two mechanical trades, in busi- 
ness, in manufacture, or even in an automobile service station? 
He should offer some manual dexterity as a part of his prepara- 
tion for life. No amount of athletics, popularity in prep-school 
activities, or plausible journalistic experience can substitute for 
the manual dexterity and experience of earning a livelihood 
which comes from actual work with workmen. 

The college entrance examination should insure to the col- 
leges this sort of material, and it should not be boys but men. 
Maturity does not come to everyone at the same age, and many 
of our failures are due to the boy's not finding himself before he 
has his real career to make or mar. When Rogers was asked 
where Tech allowed time for play, he replied that Tech was a 
place for men to work not for boys to play, and yet I remember 
that we did play, some. 

As I look back on a college without dormitories and com- 
pare it with the dormitories of that time and even of a few 
years ago, I reflect on the serious views concerning life, work, 
and recreation which many of my friends expounded between 
periods, in the laboratory, and on our way to school. Once in 
a while, we did break loose. But our distractions were normal 
and mainly had been overcome in the boyish stage and put by 
when we began to pay for our education. Most of us were 
there to prepare for a lifetime of work, of altruistic endeavor 
and good citizenship. And with this sort of a preparation what 
must the college teach so that the graduate may quickly and 
readily apply his knowledge to the acquiring of the art of 
engineering? 


FUNDAMENTAL PHYSICAL LAWS THE BASIS OF ENGINEERING 


I think we may lay down as a principle that engineering is an 
art founded on scientific principles or the fundamental sciences. 
Engineering cannot be taught in school, since the art must be 
acquired by practice. The underlying principles can be taught 
in school, leaving the art to be acquired by practice after 
graduation. And since engineering may be defined as the utiliz- 
ing of the forces of nature for the benefit of man, the fundamen- 
tal physical laws are the basis of engineering. We term the 
science of the laws of nature, physics, and this name is as good 
as any other, although natural philosophy had a long and dis- 
tinguished reign. 

This science called physics can be taught from books, by 
precept, and in the laboratory. Each problem can be presented 
simply, and the sum is a mighty structure embracing the uni- 
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verse and is the real foundation upon which the art of engineer- 
ing stands. We have drawn a distinction between where the 
working substance maintains its identity, i.e., physical change, 
and where its composition is changed to make other substances, 
i.e., chemical change. And thus, we have another science, 
chemistry, but so closely allied that the combination might be 
known as physical chemistry; and both phenomena are in 
reality one. In fact, it is difficult to draw the line and, in my 
opinion, impossible. 

In the large domain of physics and chemistry, physical chem- 
istry, natural philosophy, engineering science, or whatever the 
nomenclature be, there are many roads to knowledge, but they 
are interwoven in a network and interconnected so that segrega- 
tion is most difficult. Mark Twain tells a most amusing story 
about his first visit to Boston and how he tried to follow the 
tracks of Master Blackstone's cow. The would-be acquirer of 
an engineering education has the opposite experience for, as his 
study intensifies, he finds new vistas opening out on all sides and 
all barricades and entraining walls are man made, artificial, in- 
troducing troubles of understanding for the inquiring mind. 

This subject of natural philosophy, to go back to the ancient 
name, has gradually acquired a language of its own, and the 
natural laws, chemical reactions, crystalline forms, atomic 
latticeworks, and the interrelationship of nucleus and electron, 
proton, or neutron is now formulated mathematically. The 
pure mathematicians may not like this characterization but 
mathematics applied to physics, chemistry, and their byways is 
the third fundamental subject making up engineering science 


‘“SUBJECT ' COMPLEXES AND THEIR EFFECTS UPON STUDENTS 


It is most unfortunate that we have inherited a ‘“‘subject’’ 
complex. We have specialized early and often. The boy in the 
primary school says, ‘‘No! I can do vulgar fractions but deci- 
mals don’t come in this grade,’’ and “‘I can do decimals but we 
won't take percentage and interest for two years.’’ Both 
children had been earning money and spending it, but that 
“‘subject’’ had not been taught, and it has never been pointed 
out to them that there was no difference, except the name, be- 
tween a vulgar fraction and a decimal or a percentage. The de- 
signers of this system may be classed with Sewell Ford's pro- 
fessor who wore a cedar bucket on his head to keep out the 
decimals. 

State Boards of Education fix a pattern of subjects that can be 
passed in detail, one by one, and forgotten before the end of the 
course, and technical schools are prone to follow the same 
practice. ‘‘I have just passed descriptive geometry and, next 
year, we take stereotomy,’’ but a good old-fashioned tinsmith 
will lay out an intricate mold form on the flat tin, and, when 
finished, it will be true to form and dimension. The calculus, 
according to John Perry, is a method of thinking which can be 
acquired by children of ten with advantage, but many holders 
of an engineering degree never have acquired this method of 
thinking. This tendency is present in the teaching of physics 
and to some extent in chemistry. 

It is my contention that these subjects, these watertight 
compartments, to be begun, finished, and passed off in a semester 
and then forgotten, do the potential engineer little good and 
add little to the mental discipline to which he should have been 
subjected in the lower schools. It is also my contention that 
engineering science (physics, chemistry, and engineering 
mathematics) can be taught as one continuing, broadening 
foundation to classes of young men seeking an engineering 
education. 

What does this mean to the engineering courses? First, that 
engineering science is taught throughout the course along the 
three major lines of mathematics, physics, and chemistry by 
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lecture and text, classroom and laboratory, interwoven to- 
gether, reiterated, principles first, then applications, and pass- 
ing from the general and descriptive to the particular and quan- 
titative. This emphasizes the graded course, the very best 
teachers taking the first-year courses and laboratory, while the 
older classes get more of the assistants and instructors, in order 
that the foundation may be good and sound. Of course, it 
would be ideal if all professors, assistants, and instructors were 
of uniformly high grade, but we can only hope for a modicum 
of this. We know we will have a graded group of students and 
that some will fall by the wayside, but the teachers should be 
the best possible. 

Mathematics, the language of engineering, should be taught 
as a tool, not as an end. Much engineering is possible with 
little mathematics, just as a good mechanic can turn out a good 
job with poor tools, but it is so much quicker and better done 
with good tools. The engineer with the capacity to use this 
tool has a great advantage and can go swiftly and surely over 
much that would otherwise be slow and difficult. Many engi- 
neers go so far as to say that mathematics should be taught by 
engineers and not mathematicians, but I think there are many 
mathematicians who are interested in seeing how far-reaching 
and workable a tool their science may create. We have many 
teachers today who put life into the dry-as-dust formularies of 
calculus, quaternions, least squares, spinors and tensors, and 
similar subjects and can use them as tools to solve old problems 
and formulate new theories. 

In the days when I was a student under Pickering and Nichols 
across the river, the work on physical chemistry had begun, 
but, in the secondary schools, they were still using Steele's 
‘Fourteen Weeks in Physics’’ and its companion textbook in 
chemistry. Later, these were the prescribed textbooks that I 
had to teach from both in this state and in the West. There 
were other texts on astronomy, botany, and other “‘subjects,”’ 
each designed to run through a term. But even in those days 
there were teachers who had seen the light, and my own lines 
were cast under men of catholic taste and genius. Cross, 
Drown, and Crafts showed us that, while the distinction be- 
tween physical and chemical changes was the picket fence at 
that time, the pickets were as far apart as they were wide. 


PHYSICAL CHEMISTRY AND ITS MATHEMATICAL LANGUAGE 


Though this happened 50 years ago, the problem still is with 
us, and in many places the pickets are laid solid and the 
“subject’’ idea still persists. I contend that it is possible to 
teach as one identity the physical chemistry of our universe 
with its mathematical language, to place the ideas in the minds 
of our first-year men, and to train them in the facts, laws, and 
workings of our material world so that they may use them as 
the basis of the art of engineering which they will acquire after 
they enter the practical world on graduation. 

Some years ago, at a ‘‘steam table’’ discussion, when we 
were trying to develop a plan of campaign for the prosecution 
of the research, I listened to two men, one a physicist and the 
other a chemist, talking mathematics in planning the apparatus 
tor their work. Both of these men are engineers. Each of these 
men has done work of high quality in engineering, and I can 
recall not more than a dozen other engineering conferences 
where the participants knew so well what they were talking 
about, expressed their views so clearly, and arrived at an engi- 
neering decision that the course of time has proved to be correct 
and adequate. We have heard many engineering discussions 
neglect essentials of chemical or physical law, forget that 
mathematics is a tool and not an end, and end in failure and 
much tribulation. History is filled with engineering failures, 
where one or another of these essentials has been neglected. 
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But they are taught as ‘‘subjects’’ in watertight compartmeats, 
and, as with vulgar fractions, decimals, percentage, and inter- 
est, no one has been interested enough to show that they differ 
only in name. So let us teach physical chemistry and its mathe- 
matical language as one subject, principles, laws, and applica- 
tions, name the subdivisions as you please but point out every 
day, every hour, that this is one broad highway without bulk- 
heads or fences but do not stray too far out on the shoulders. 

This first division should take up three periods throughout 
the entire course, the last year or two embracing more of the 
applications than the earlier years and leading to what might 
be called the solution of practical problems. Years ago, I 
found, in a secondhand store, a set of notes on applied physics 
used in l’Ecole des Arts et Métiers by Professor Ser. He 
seemed to be far ahead of his time, it was dated 1863, and I used 
it asa guide along witha French copy of Reuleaux’s ‘‘Construct- 
teur’’ for a handbook for many years. Both volumes abounded 
in problems that would be called practical. 


LANGUAGES PLACE IN ENGINEERING EDUCATION 


Besides the groundwork of the fundamental sciences and its 
language, the study of English should be continued, and the 
work of secondary schools should be supplemented by reading 
and writing, using the entire collection of the humanities as 
they are listed in academic courses but with a different method. 
History of civilization, of peoples, of engineering so inter- 
twined with the study of words and good diction, with criti- 
cism and composition, with logic and rhetoric, and even with 
music and prosody, so that the body of fact will be appreciated 
and retained, while the shibboleth of terms and definitions and 
the paraphernalia of the schools may be relegated to a very 
minor position. Economics, not the classical political economy 
and psychology, without the extensive and blatant terminology 
upon which few agree, may well enter into this same classifica- 
tion as English, and even poetry may play its part in the general 
plan. This category will cover the fourth period throughout 
the four-years’ course. 

The fifth period should also be given to language—to the 
securing of a sound reading knowledge of French and German. 
Much valuable material can be found only in these languages, 
but I believe it is idle to try to impart a speaking acquaintance 
with either tongue in a technical school. A reading knowledge, 
when taught properly, is easily attained in French and not so 
easily in German. There are good textbooks, reference books, 
and periodicals in both languages, which should be within the 
compass of the technical school, and these books can be used as 
material to acquire the vocabularies necessary to the under- 
standing. Translation is an easily acquired trick, unless many 
invented words are used, and the grammatical forms are not 
difficult. Involved writers are to be avoided, but, as in 
English, the best writers are the easiest to understand. 

Here again the greatest trouble will be to find teachers of 
English, French, or German who can concentrate on teaching 
language as a tool of engineering and not as an end. I early 
discovered my French or German friends wrote me always in 
their own tongue but preferred my answers to be in English. 
Dr. Rateau, for instance, considered my technical French good 
enough for translating his contributions to The American So- 
ciety of Mechanical Engineers into English for publication in 
the Transactions but much preferred I should write him in 
English. I consider attempting to teach a speaking knowledge 
of a foreign tongue in college a wasted effort both for the teacher 
and student. But reading can be taught and with little diffh- 
culty to all. 

We have now preempted five periods throughout the whole 
four years. We have taken 30 hours per week or more if the 
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laboratory and drawing room time is extended to 4 hours. The 
time left for study is small if the ordinary system were used. 
But, when the graduate starts work, he will put in 35 to 40 
hours on the job, and, if he is going to be an engineer, he may 
spend another 25 to 30 hours outside in study, reading, or look- 
ing up for the next day. Few rising engineers work less than 
60 hours per week, if they are thinking of the work they are 
doing. Those who learn easily may pull through with an 8-hour 
day. For the many who find concentration difficult, 11 or 12 
hours will be necessary, but the end is worth the work. 

It has been usual to grant a degree for an equivalent of about 
18 full courses, four and a quarter full courses per year, and elec- 
tives and snap courses might make up half the count. Some 
technical schools give a degree on the equivalent of 24 full 
courses Over a six-year course. 

I believe that with proper teachers and well-prepared first-year 
men, 20 full courses of the type I have put before you is a better 
preparation for a science degree in engineering than the 24 
courses as ordinarily offered. The man will work harder, but, 
when he gets through, he will be prepared to pick and choose, 
and, wherever he goes, it will be to him that the good work is 
given, always providing that he has the other necessary quali- 
fications for a life of usefulness in engineering work. 


ENGINEERS MUST CONSIDER THEIR WORK NOT THEIR CAREERS 


Kipling, in his autobiography, tells a story of Cecil Rhodes. 
A young officer at the dinner table asked Rhodes what 
he thought of him and his career. Rhodes postponed the 
answer till the end of the dinner and then, in his characteristic 
voice, laid down that the young man would eminently succeed 
but only to a certain point, because he was always thinking of 
his career and not of the job he was doing, which time proved 
to be true. Engineering is a jealous mistress. She requires a 
detachment from all things except the particular work of the 
moment. Ifa young man goes into engineering because he loves 
the work so much he can do nothing else, he is on the highroad 
to success as an engineer. If he is thinking of the rewards or a 
monetary success, he will go into the sales end or management 
or business. The kind of material to be desired is the man who 
sees the job to be done for the benefit of mankind. Material 
success is incidental. A good job well done is its own reward. 
This type of material, if he has the engineering aptitude, will 
take to a course of this kind with the zest of the enthusiast. 
The precedents of engineering have been put before him in his 
five courses, and teachers with a flair for engineering can turn 
the work into play with the best of results. 

This is no new proposition. Perry and Ser practiced it, as 
well as many others, more than a half century ago. But the 
necessities of classification, the planning by pedagogues and 
politicians, the ‘‘normal method,”’ the craze for passing off ‘‘sub- 
jects’’ by examination, the teaching of subjects by specialists, 
and departmental jealousies have all combined to prevent the 
spread of the idea. The writers of textbooks must take some of 
the blame along with the demands of industry, which for a 
long time asked for specialists and expected the schools to pro- 
duce the impossible. Today, industry is seeking the men with a 
broad foundational training and sound reasoning capacity and 
is schooling the new helpers in the art of engineering in their 
own organization. 

There are few Millikens and Eddingtons, few Perrys and 
Thurstons, but in my own school I look back to Nichols, 
Pickering, and Drown, none of whom could keep to his own 
subject in lecture or out. They tied in for me the laws of the 
Big Three, as I may call them, while Dewey, just new caught, 
as it were, mixed all three with economics, his own subject, 
and dabbled in English, French, and history. President Walker 
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mixed his economics with sociology and engineering, with 
politics and government. And we worked and liked it. 

Going back still further to my early days at the Mather 
School brings up Edward Southworth, master and one of the 
originators of the Quincy method, who despite the administra- 
tive duties of a school of 1500 pupils found time to teach 
arithmetic, the Constitution and civil government,the duties of 
a citizen, and history of civilization to the ninth grade. He led 
us just as far as we would go, and it went much beyond the pre- 
scribed limits of the grade. C. A. Fearing, who was supposed 
to teach English to the mechanic-arts students, used historical, 
mathematical, and engineering texts as the core of his lectures 
and our compositions, as they were called then, and even 
Luquiens, the French professor, afterward at Yale, used tech- 
nical papers and Jules Verne instead of Molli¢re, Victor Hugo, 
and Racine for reading lessons. He wanted quantity and 
accuracy instead of idioms and the classics. 


PLANNING ENGINEERING COURSES A TEACHING STAFF'S FUNCTION 


In planning this address I had in mind the working out of a 
table of courses for the four years of college. Further considera 
tion shows that this is a function of the available teaching staff 
and their methods of imparting the basis of natural law to the 
youthful mind. For any given group of teachers this would be 
possible, but I believe it would be rare that two sets of men 
would teach from the same formula. Compare, for instance, 
such men as Peabody, Spangler, Sidney Reeve, and Good- 
enough. Each taught well, but their methods were as wide 
apart as the poles. Or compare the methods of Whitham, 
Cooley, and Hollis, graduated from the same school at about 
the same time and assigned to the teaching of mechanical 
engineering. Or to go farther back, compare such famous men 
as Hirn, Riedler, Dwelshauvers-Dery, Osborne Reynolds, or 
Unwin by the trail of their successtul pupils who have blazed 
their teachers’ fame to the skies. No one scheme could fit these 
diverse and engaging mentalities whose work has been so fruit- 
ful. 

But our latest slogan, the planned economy, has set out to plan 
industry, business, housing, the style and cost of living, and, no 
doubt, it will attempt to plan for our schools and colleges. The 
‘normal method" attempted to do this for the grammar and 
secondary schools. The towns have given up the conduct of 
these schools to the state boards of education in return for 
state aid and in the interest of standardization, and the col- 
leges themselves have standardized by the College Entrance 
Board examinations. We are told that the problem is so com- 
plicated that our only salvation is a standard control of schools 
by a national authority, and we are referred to the schools of 
law and medicine as examples of what good control can do. 
The engineering profession has license requirements in 34 
states, but these licenses to practice are not given on gradua- 
tion, as in the case of the schools of law and medicine. It does 
not appear that these ideas and practices, up to date, have been 
productive of either uniformity or excellence, for we have fail- 
ures and successes in about the usual proportion. 

During the last 70 years we have had men entering college 
and benefiting from real teachers, poor teachers, and just pro- 
fessors, and we have had other men who wasted their money 
and time, men whom even the good teachers could not enthuse. 
What we need today is young men, well-prepared, well-read, 
well-trained, and eager to absorb the many good things set be- 
fore them. And we also need teachers who can teach, lead, and 
enthuse the young man, who can hold his attention, ‘mid the 
thousand and one new distractions unknown to the older gen- 
erations and even put the fear of God in his eyes before he enters 
as a beginner in the field of mechanical engineering. 
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THE ENGINEER and the 
ISSUE of SECURITIES 


By A. I. HENDERSON 


CRAVATH DE GERSDORFF, SWAINE & WOOD, NEW YORK, N., Y. 


PROVISIONS OF SECURITIES ACT 


HE SECURITIES ACT was passed in 1933 and was the 

direct result of the agitation against the unregulated 

public offering of new issues of securities which boiled 
up after the very heavy losses suffered by investors in the 
market decline in 1929. The principal provisions of the Act 
provide, in effect, that, with certain exceptions, no public 
offering of a security involving interstate commerce or the 
use of the mails shall be made by the issuer or by an under- 
writer unless a so-called ‘‘registration statement’’ has been 
filed with the Securities and Exchange Commission containing 
a mass of information about the issuing corporation, its officers 
and directors, the underwriters, and the terms and purposes 
of the offering, and until the registration statement has be- 
come effective. This takes place automatically twenty days 
after the registration statement has been filed with the Com- 
mission, unless the Commission enters a stop order, because 
it believes that an untrue statement of a material fact or an 
omission of a material fact may have been made in the regis- 
tration statement as filed. 

No definition of the term ‘“‘public offering’’ is contained in 
the Act, but, as construed in the opinions of counsel for the 
Commission, it has an extremely broad meaning and includes 
not only everything which the layman would consider to be 
a public offering but many other things besides. For example, 
the sale on a stock exchange of a few hundred shares of stock 
is considered a public offering and so is the sale of securities 
by a corporation to its stockholders or the sale of securities at 
auction. On the other hand, a stock dividend is not a public 
offering because it is not a sale, that is, no value is received 
by the corporation from its stockholders. The term ‘‘under- 
writer’’ is not used in its ordinary business sense but is given 
a very much broader meaning. In substance, an underwriter 
is defined as anyone who has purchased from an issuer with a 
view to, or sells for an issuer in connection with, the dis- 
tribution of any security or who participates, directly or in- 
directly, in any such undertaking but does not include a person 
whose interest is limited to an ordinary selling commission 
received from an underwriter or dealer. To determine whether 
Or not a person is an underwriter, the term ‘“‘issuer’’ is defined 
to include a person controlling, controlled by, or under com- 
mon control with the actual issuer. The Act also requires 
every underwriter and every dealer, for a period of one year 
after the public offering, to deliver a prospectus, in the form 
required by the Act, to each purchaser of the securities. 

_ Theliability imposed for untrue statements and omissions 
in the registration statement, commonly called Section 11 
liability, in its original form was so severe that it was generally 
considered to have prevented many issues of new securities, 
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and, as a result in 1934, the liability provisions were somewhat 
modified. Nevertheless, the liability imposed by Section 11, 
as amended, is still very severe and has greatly extended the 
liability imposed at common law. In substance, Section 11 
provides that the issuer, the principal officers of the issuer, 
all the directors of the issuer, the underwriters, and any expert 
who, with his consent, is named as having prepared or certified 
any part of the registration statement or as having prepared 
or certified any report or valuation which is used in connec- 
tion with the registration statement shall be liable if there is 
any untrue statement of a material fact or any omission to 
state a material fact required to be stated in the registration 
statement or necessary to make the statements made not mis- 
leading. In the case of the expert, his liability is limited to 
the statements in the registration statement, report, or valua- 
tion which purports to have been prepared or certified by him. 
I have used the term ‘‘expert’’ because that is the one generally 
used, but the exact language of the Act is: ‘‘Every accountant, 
engineer, or appraiser, or any person whose profession gives 
authority to a statement made by him.’ The liability runs 
in favor of any person who acquires the security, either at the 
time of the public offering or in the open market, and any such 
person may recover as damages the difference between the 
price paid for the security, but not more than the public offering 
price, and the then price of the security, provided that such 
damages shall not be recoverable if, and to the extent that, the 
defendant proves that they were not caused by the untrue 
statement or omission. The Act also provides that no action 
shall be maintained to enforce this liability unless brought 
within one year after the discovery of the untrue statement or 
omission and within three years after the security was bona fide 
offered to the public. 

In any such action, the issuer cannot avoid liability even 
though it shows due care or lack of knowledge, provided the 
purchaser of the security shows that there was an untrue state- 
ment of a material fact or an omission to state a material fact 
required to be stated in the registration statement or necessary 
to make the statements therein not misleading. However, 
an officer, director, or underwriter will not be liable with 
respect to statements not made on the authority of an expert 
if he proves that he had, after reasonable investigation, reason- 
able ground to believe and did believe, at the time the regis- 
tration statement became effective, that the statements therein 
were true and that there was no omission to state a material 
fact. An officer, director, or underwriter is not liable with 
respect to statements made on the authority of an expert, if 
he proves that he had no reasonable ground to believe, and 
did not believe, that the statements were untrue or that there 
was an omission to state a material fact. An expert is not 
liable with respect to statements purporting to be made on his 
own authority as an expert if he proves that he had, after 
reasonable investigation, reasonable ground to believe, and did 
believe, at the time the registration statement became effective, 
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that the statements therein were true and that there was no 
omission to state a material fact. 

In the first instance, the burden of proof is on the purchaser 
of the security to prove that an untrue statement of a mate- 
rial fact or an omission of a material fact was made in the 
registration statement, but, if he proves that such an untrue 
statement or omission was made and that he has suffered 
damage, the burden of proof then shifts to the defendant. To 
escape liability, the defendant must then prove that the damage 
was not caused by the untrue statement or omission or must 
prove that, after a reasonable investigation, he had reasonable 
ground to believe that no material untrue statement or omission 
was made or, in the case of statements made on the authority 
of an expert, that he had no reasonable ground to believe that 
the statements were untrue or that a material omission was 
made. This last defense is not available to the issuer. The 
practical effect of the imposition of this burden of proof upon 
the defendant, which is contrary to the ordinary rule at com- 
mon law, is hard to predict. Certainly in some cases, at least, 
it will be extremely difficult for the defendant to sustain this 
burden of proof, particularly as the final decision on this point 
will in most cases be in the hands ofa jury. 

Another provision of the Act makes any person who sells 
securities, in interstate commerce or by the use of the mails, 
liable to the person who purchases from him, if such sale is 
made by a prospectus or oral communication which includes 
any untrue statement of a material fact, or omits to state a 
material fact necessary to make the statements, in the light 
of the circumstances under which they were made, not mis- 
leading. The seller is relieved of liability if he sustains the 
burden of proof that he did not know, and in the exercise of 
reasonable care could not have known, of the untruth or 
omission. This provision is included in Section 12 of the Act; 
liability arising under it is commonly referred to as Section 
12 liability. As a practical matter, it probably does not 
greatly increase the liability which exists at common law. 

The Act also provides that every person who, by or through 
stock ownership, agency, or otherwise, controls any person 
liable under Section 11 or Section 12 shall be liable, jointly 
and severally, with and to the same extent as such controlled 
person, to any person to whom such controlled person is 
liable, unless the controlling person had no knowledge or 
reasonable ground to believe in the existence of the facts by 
reason of which the liability of the controlled person is alleged 
to exist. Because of this provision, a parent corporation may 
be liable by reason of an untrue statement or omission in a 
registration statement filed by one of its subsidiaries. How- 
ever, this liability is not confined to cases where the controlling 
person owns a majority of the voting stock but arises whenever 
any form of actual control is found and may, therefore, exist 
in a variety of different situations. 


PROVISIONS OF SECURITIES EXCHANGE ACT 


The Securities Exchange Act was passed a year later than 
the Securities Act and was ostensibly directed at regulating 
stock exchanges. Actually, it covers a very much broader 
field, although most of the provisions purport to be connected 
in some way with the stock exchanges. They relate to the 
exchanges themselves, members of the exchanges, transactions 
which use a facility of an exchange, listed securities, corpora- 
tions which have listed securities, or officers and directors of 
corporations which have listed securities. This Act not only 
regulates the stock exchanges but also is intended to prevent 
excessive speculation, to obtain current information about all 
listed securities, and to prevent manipulation. 

The Act gives the governors of the Federal Reserve System 
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power to fix the minimum margin requirements which the 
members of any exchange shall require their customers to 
maintain, and to regulate the extension of credit by banks and 
other persons for the purpose of purchasing or carrying listed 
securities. There are stringent provisions which are intended 
to prevent manipulation and pool operations in listed securi- 
ties, and a provision that no proxy, consent, or authorization 
relating toa listed security may be solicited except in accord- 
ance with the regulations of the Commission. 

Another provision imposes on a director or officer of any cor- 
poration which has a listed equity security and on a holder of 
more than 10 per cent of any listed equity security of a cor- 
poration the duty to file monthly statements of all transac- 
tions in equity securities of the corporation and to account 
to the corporation for any profits which he may make from 
purchases and sales of the equity securities of the corporation 
if such purchases and sales take place within six months. The 
constitutionality of this provision is very doubtful, and it is 
very ambiguous on a number of points. However, until it 
is judicially interpreted, the practical effect is to prevent any 
such director, officer, or 10 per cent stockholder from making 
any purchase of an equity security of such corporation unless 
six months have elapsed since his last previous sale of such 
security at a higher price and from making any sale of an 
equity security of such corporation unless six months have 
elapsed since his last previous purchase at a lower price. 

Another provision of the Act gives the Commission power 
to require the registration of all brokers and dealers who engage 
in over-the-counter transactions involving the use of the mails 
or interstate commerce. Use of manipulative, deceptive, or 
other fraudulent devices or contrivances in over-the-counter 
transactions is forbidden, and the Commission is given the 
power to define such devices and contrivances. 

Liabilities under the Securities Exchange Act are chiefly 
criminal. However, civil liability is imposed on any person 
who makes or causes to be made any statement in any document 
filed under the Act which statement is false or misleading with 
respect to any material fact. In the case of reports filed by a 
corporation, the officers who prepare and sign the reports are 
apparently liable, but the liability, if any, of other officers 
and of directors is uncertain. Until decisions have been 
rendered, the safe course is to assume that they may be liable 
and to act accordingly. This liability runs in favor of any 
person who, in reliance upon the false or misleading state- 
ment, shall have purchased or sold a security at a price which 
was affected by the statement, and any such person may recover 
the damages caused by such reliance, unless the person sued 
proves that he acted in good faith and had no knowledge that 
the statement was false or misleading. This liability is very 
different from that imposed by the Securities Act, notably be- 
cause it requires that the person suing shall have relied on the 
false statement; and because the person suing apparently has the 
burden of proving that the price of the security was affected by 
the false statement. It also differs in that the person sued is 
not liable if he proves that he acted in good faith and had no 
knowledge that the statement was false and is not required to 
prove that he made a reasonable investigation and had reason- 
able ground to believe that the statement was true. On the 
other hand, the liability runs in favor of people who sell securi- 
ties as well as to people who purchase securities. 


REGISTRATION STATEMENT PROBLEMS 


So much for a summary of the Acts. We can now turn to 
the practical problems which face officers and directors of 
corporations in complying with the Acts. Let us suppos¢ 
that a corporation wishes to raise new capital through the 
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sale of its securities. Whether the securities are new or have 
been held in the treasury or whether they are being sold to 
stockholders or through investment bankers to the public 
makes no difference. The first step must be to prepare a regis- 
tration statement. Several different forms are used for different 
types of corporation and situations, but the principles involved 
in all the forms are substantially the same. However, the 
form which is used in the great majority of cases is form A-2, 
and I shall comment on that form exclusively. The questions 
are grouped under the following headings: Organization, 
History and Business, Capital Securities, Description of Se- 
curities, Underwriting, Proceeds and Their Application, Man- 
agement and Control, Recent Sales of Securities by the Regis- 
trant, Options, Miscellaneous, and Historical Financial In- 
formation. In addition, certain financial statements are 
required. 

Questions under the heading Organization are routine, and 
the only one presenting any difficulty is that calling for the 
names of all parents. Since a parent is a person in actual 
control, regardless of stock ownership, this question is some- 
times difficult to answer. 

Questions under the heading History and Business are prob- 
ably of the greatest interest to engineers. They are simple 
enough in form, since they merely require a description of the 
business of the issuing corporation, any material developments 
in its business during the last five years, and a description of 
its principal plants. If the corporation has franchises, a 
description of the principal ones is also required. At first 
glance, this appears very easy, but, unless the business of the 
issuing corporation is unusually simple, a number of difficult 
problems will develop. In this connection, bear in mind that 
liability may arise not only from an untrue statement but also 
from the omission of any material fact necessary to make the 
statements made not misleading. Probably, the most difficult 
problems arise in connection with determining what collateral 
information must be included and what can be safely omitted. 
A few examples will make this clear. They are suppositi- 
tious but are, nevertheless, based on actual problems which 
have arisen in recent months. 

Suppose that the issuer is a manufacturing corporation and 
sells 5 per cent of its entire output to each of ten customers. 
Is this a material fact which should be included? Most 
persons probably will say that it is not. However, if, a year 
later, the issuing corporation has lost five of the ten customers 
and has been unable to obtain others so that its business has 
been proportionately reduced, convincing a jury that a material 
fact had not been omitted from the registration statement 
might be difficult. Does it make any difference if it sells 10 
per cent of its entire output to each of five customers or 25 
per cent to each of two customers? In actual practice, in one 
form or another, this is a very common problem. 

Here is another example. Suppose a corporation obtains 
an engineer's report on its business, not for the purpose of, 
or in connection with, a proposed sale of securities, but because 
the directors wish to have an outside check made to determine 
whether the business is being managed in accordance with the 
best modern practice and the latest developments in the in- 
dustry. The report is intended for the officers and directors 
not for general publication. The engineers are more forceful 
in their expression than they would be in a report that was to 
be made public. Recommendations are made without qualifi- 
cations, because they are considered unnecessary in view of the 
knowledge that the officers and directors have of the business. 
The report recommends drastic changes in the conduct of the 
business and predicts a sorry future if they are not made. 
Nevertheless, the recommendations are not adopted for rea- 
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sons which the directors deem sufficient. Suppose, for ex- 
ample, that developments take place which, in the opinion 
of the directors, make the recommendations of the report no 
longer applicable or that the directors, after careful considera- 
tion, come to the conclusion that the recommendations in 
the report are wrong. Six months or a year later, the corpora- 
tion decides to sell securities to the public. Is it necessary to 
disclose in the registration statement the existence of the 
report or the recommendations made in it? Does it make any 
difference if the engineers who made the report object to its 
publication because it was not prepared for that purpose, al- 
though they are not willing to change or supplement the re- 
port in any way? Under these circumstances, to require that 
the report be filed with the registration statement and referred 
to in the prospectus may seem unfair to the issuing corpora- 
tion, and, in fact, the report may really be misleading. Never- 
theless, I do not believe that anybody would be willing to 
take the risk of not filing it or not referring to it in the pros- 
pectus since convincing a jury that the omission was justified 
would be almost impossible, if the value of the securities 
should suffer a marked decline within a year or two after the 
public offering. 

Let me give one more example. Suppose that a new method 
of manufacture is in process of development and that the issuing 
corporation has not made any plans to adopt the new method, 
although many of its competitors have abandoned the old 
method and adopted the new. Suppose the management 
has carefully considered the new method but, because of the 
particular situation of the issuing corporation, honestly 
believes that it will operate more profitably using the old 
method or that waiting for further developments before reach- 
ing a final determination is desirable. Suppose that the shift 
will disrupt the business for several months or will require 
large capital expenditures. To what extent is describing the 
new process or attempting to predict its effect on the industry 
and on the business of the issuing corporation necessary? 
Certainly something must be said, and it is extremely difficult 
to determine the exact form of such a statement and what its 
contents should be. 

These are not unfair examples; the problems which actually 
arise in practice are much more complicated and more difficult 
and of every variety. For example, what should be said about 
obsolescence; competitive conditions, either in the industry or 
with other industries; efficiency of management; labor condi- 
tions; tariffs; oil and ore reserves; expiring patents; taxation; 
new legislation; and so on. 


ENGINEERS REPORTS 


Many of you, either as independent engineers or as officers 
of corporations, will be called upon to make reports on the 
business of corporations that are about to issue new securities. 
I warn you to be extremely careful as to what you say in such 
reports. Certainly, no one wishes you to say anything in 
such a report which is not entirely in accord with your best 
judgment and your honest belief. However, do not be carried 
away by a desire to prove your point so that you say more 
than you actually mean. Every lawyer who has worked on a 
registration statement likes to have the statements that are 
made with respect to the property and business of the issuing 
corporation supported by expert opinion, but the experienced 
lawyer awaits the report of the expert with considerable fear 
and trembling. Rare indeed is the report that does not contain 
some statement which shows the fear to have been justified. 
You may have noticed or may have signed the short certificate 
which appears in many registration statements to the effect 
that, in the opinion of the signing expert, the statements made 








598 


in the items of the registration statement relating to the busi- 
ness and property of the issuing corporation are true and that 
no material fact is omitted. One important reason for the 
use of this form of certificate instead of a complete report is 
to avoid the complications which may arise from an unwisely 
expressed expert's report. 

I have spoken of engineers’ reports as more or less forma] 
reports prepared by independent engineers. However, a 
similar problem arises from interoffice reports and memoranda. 
In some ways, they are really more dangerous, because they 
are less likely to be brought to the attention of the lawyers 
and others working on the registration statement and may, 
therefore, turn up at some future date as an unexpected and 
unpleasant surprise. Such an interoffice report, if well written 
and convincing, which turned up later in the hands of a security 
holder with a clever lawyer, might cause much trouble, even 
though the reasons for not adopting the recommendations in 
the report had been overwhelming. Those reasons would 
probably never have been reduced to writing and might be 
extremely difficult to prove. 

Questions in form A-2 under the headings Capital Securities 
and Description of Securities frequently require considerable 
work, but do not ordinarily present any difficulties. Sum- 
marizing the provisions of a complicated trust indenture may 
take time and trouble, but it does not take much else. Ques- 
tions under the headings Underwriting, Proceeds and Their 
Application, Recent Sales of Securities by the Registrant, and 
Options usually present little difficulty. Those under the 
heading Management and Control are simple and require the 
disclosure of the compensation of directors and certain officers. 
Although objections to this are frequently made, I do not think 
that a change in this respect is likely. 


MATERIAL CONTRACTS 


Among the questions under the heading Miscellaneous is one 
that requires a description of all material contracts which are 
not made in the ordinary course of business. This question 
raises a great variety of problems, but, generally, the most 
difficult one is to determine whether or not a contract is made 
in the ordinary course of business. I do not know of any rule 
for determining this, and about the only guide is common 
sense. This offers a great opportunity for disagreement, and, 
as every one wants to play safe, the tendency has been to in- 
clude too many contracts rather than too few in the answer 
to this question. Also there has been an unsound tendency to 
emphasize the amount involved in the contract, rather than the 
difficulty with which a substantially similar contract could be 
made with other persons if the contract was breached or ter- 
minated, or the damage that might arise from some unfavor- 
able provision in the contract. 

For example, if the issuing corporation has a contract under 
which it buys all its requirements of a certain raw material 
from one producer on terms that are substantially those gener- 
ally current, if that raw material can readily be obtained from a 
large number of other producers, and if it can be terminated on 
reasonably short notice, it does not seem to me to be material, 
since, if it were terminated, such action would not seriously 
affect the business of the issuing corporation either adversely or 
favorably. If, however, the corporation has a long-term non- 
cancellable contract to buy raw material at a price which, 
though favorable at the moment, may prove to be very un- 
favorable during part of the life of the contract, such a con- 
tract may be material. Also, if the corporation has a favorable 
contract to buy some essential raw material of which the 
supply is limited, such a contract may be material even though 
the dollar amount involved is small. 


MECHANICAL ENGINEERING 


Another difficult problem under this question is convincing 
the executive officers of the issuing corporation that contracts 
which they wish to keep secret must be disclosed. I know 
of no remedy for this, except to avoid making such contracts. 
The fact that the officers of the corporation object to the dis- 
closure of a contract, in itself, gives the underwriters and 
lawyers notice that the contract may be material. 

Historical Financial Information is really a matter for the 
independent accountants and they should prepare and certify 
the answers to the questions under this heading. The financial 
statements must be all certified by independent accountants, 
although, in some cases, additional uncertified statements are 
filed. In the ordinary case, the statements required are a 
recent balance sheet and income statements for the last three 
years. Such statements are required not only of the issuing 
corporation itself but also of the issuing corporation and its 
subsidiaries consolidated. In some instances, separate state- 
ments of unconsolidated subsidiaries may be submitted. Every 
balance sheet and every income statement must be supported 
by a number of supplementary schedules. Financial state- 
ments filed with a registration statement appear to differ in 
at least one notable respect from those to which we were ac- 
customed before the passage of the Securities Act. They 
are accompanied by a number of notes, which sometimes 
extend to several pages. These are due to the liability that 
has been imposed under the Securities Act, particularly on 
accountants. They as experts may become liable to any per- 
son who purchases the security; in other words, they are 
liable to a broad group of people who are not schooled in ac- 
counting and have no knowledge about the corporation and 
its business. In the past, accountants generally assumed that 
they were responsible only to the persons who employed 
them, namely the corporation and its officers and directors. 
All such persons could safely be presumed to have a consider- 
able knowledge of the corporation and its financial affairs 
While this certainly did not justify the accountants in certify- 
ing incorrect or incomplete financial statements, they never- 
theless felt safe in assuming that the officers and directors of 
the corporation would read the statements in the light of usual 
accounting practice. Such an assumption is not safe with 
respect to the average investor and is the primary reason for 
including so much additional material as notes. 

A tendency has arisen among corporation officers and also 
among many lawyers to assume that the entire responsibility 
for the financial statements rests on the independent accountants 
and that they alone will be responsible for any errors or omis- 
sions. This view is dangerous. Every officer, director, and 
underwriter may be liable for an untrue statement or omission 
in a report by an expert unless he can prove that he had no 
reasonable ground to believe and did not believe that the state- 
ment was untrue or that an omission had been made. This 
may be substantial protection to an underwriter but is not 
much protection to officers and directors who, as part of their 
duties, are presumed to be thoroughly familiar with the affairs 
of the corporation and have access to all its records. For ex- 
ample, it is the usual practice to describe the basis on which the 
property of the corporation is carried on its books. It is not 
inconceivable that the description prepared by the independent 
accountant may prove to be seriously inaccurate. Or the cor- 
poration may have a large contingent liability which is not 
shown on the books and of which the independent accountant 
has no knowledge. In both these cases, the certificate of the 
independent accountant probably will not furnish much pro- 
tection to the officers and directors, particularly to those of- 
ficers who are supposed to be in charge of the finances and ac- 
counting of the corporation 
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Forms of reports required under the Securities Exchange Act 
are somewhat simpler. That known as form 10 is typical 
and is required when an application is made to list a security 
on an exchange. It is in addition to the listing application 
which is required by the exchange itself. The questions are 
similar to those in a registration statement under the Securities 
Act, but are fewer in number, and the financial statements are 
somewhat simpler, since an income statement for only one 
vear is required. In addition, annual supplementary reports, 
which consist of new financial statements and such additional 
information as may be necessary to bring the original answers 
up to date, are required each year. A recent regulation re- 
quires a statement to be filed within ten days after the end of any 
month in which certain events take place, such as substantial 
change in the amount of outstanding securities, acquisition of a 
new subsidiary, the exercise or granting of options, and so on. 

I have indicated that the liability in connection with state- 
ments filed under the Securities Exchange Act is not so severe 
as that in connection with a registration statement under the 
Securities Act. Nevertheless, the tendency is to treat the 
Exchange Act reports rather too lightly; they should be 
prepared with great care. Statements in such reports should 
not conflict in any material respect with those in a registration 
statement or the annual reports to stockholders. Such differ- 
ences are most likely to appear in the financial statements and 
particularly in the notes. No substantial differences between 
the various financial statements should exist, and the ac- 
companying notes should be substantially the same. Cer- 
tainly variations will occur, but they should be avoided unless 
they can be soundly justified. Technical requirements in 
the financial statements on the forms used under these Acts 
in some cases are immaterial and, therefore, can be omitted 
from the annual report, and some notes may be appropriate 
to a Comparative income statement for three years which are 
not necessary with an income statement for a single year. 
Many people will regard this advice as technica! and exces- 
sively cautious, but I think that they have failed to visualize 
the difficulty of explaining, for example, the omission of a 
note that was included in a registration statement from an 
annual supplementary report, which was filed within a few 
weeks of filing the statement. 


RESULTS OBTAINED 


To give anything but the most general impressions as to 
the effectiveness of this legislation is impossible. With re- 
spect to actual fraud in the sale of securities, the Commission 
has been able to accomplish a good deal and this may prove to 
be one of its most valuable contributions. The Commission 
has a large organization assigned to this branch of its work, 
and its activities in this field are constantly increasing. 

In theory, at least, the main purpose of the Securities Act was 
to compel full disclosure and so protect investors from buying 
new issues that might subsequently turn out to be unsound. 
Undoubtedly, it has and will prevent some losses but it may not 
Prove as effective in this respect as people generally believe. 
Actually, investors will not examine the information that is 
furnished, and it would not do them much good if they did. 
Certainly, statistical organizations may make use of it, and, as a 
result, the price at which a new issue is offered may be affected, 
but I doubt if the necessity of disclosing additional facts has 
prevented many new issues. The chief cause of the losses of 
1929 was not insufficient information but lack of sound financial 
judgment, and you cannot manufacture judgment by legisla- 
tion. Investment, by its very nature, involves losses as well 
as profits and income, and to change that economic law is 
neither possible nor healthy. Of course it is possible to redis- 
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tribute the profits and losses and the liability provisions of the 
Securities Act may bring about some such redistribution. 

Estimating the effect that the margin regulations and the 
provisions directed against manipulation may have had on 
speculation is extremely difficult. Certainly the volume of 
trading is materially reduced, and this is probably due, in part, 
to a reduction in the number of small speculators and, in part, 
to the fact that pool operations have been substantially pre- 
vented. Opinion may differ to some extent as to the impor- 
tance of these results. Personally, I have no doubt that they 
are important and healthy, and ultimately, I think, legislation 
will require that all lending on securities be done by the banks 
and not by the brokers, although the transition will undoubt- 
edly be difficult for the members of the stock exchanges. 

Indirectly, both Acts are having certain desirable effects on 
corporate finance. A change in the approach to accounting 
problems and an improvement in the method of presenting 
financial statements can be seen already. Accountants are 
insisting on a consistent application of sound accounting 
principles and on the full disclosure of any variations. As 
a result, the attention of corporate officers and directors has 
been focused on accounting problems. A good example is 
depreciation, on which the Commission has properly placed 
considerable emphasis, particularly by requiring a statement 
of the depreciation policy to accompany every balance sheet. 
As a result, I think, more consideration is being given to work- 
ing out sound long-term depreciation policies which will not 
require frequent changing and which are based on the esti- 
mated actual requirements of the property. On occasions 
in the past, requirements of the balance sheet and income state- 
ment had considerable influence on depreciation policies. 

For the present at least, the tendency will be to pass addi- 
tional legislation supplementing these Acts and increasing the 
powers of the Commission. Ultimately, some reaction may 
take place, but this will not be in the near future nor will it go 
very far. Additional legislation will inevitably be proposed 
and probably passed dealing with protective committees, and 
such legislation will contain provisions regulating the duties 
of trustees. Further efforts by the Commission to increase its 
control of over-the-counter dealers and transactions may be 
expected, although this presents some constitutional difficulties 
and many administrative problems. Some effort may be made 
to enact a federal incorporation law, with inducements to en- 
courage incorporation under it, instead of under state laws. 
In many respects, a federal incorporation law would be ex- 
tremely desirable, if properly drafted and reasonably and in- 
telligently administered. Sucha law would offer an almost un- 
limited opportunity to extend governmental regulation of busi- 
ness. While some increase of governmental regulation may be 
inevitable and desirable, it is such a difficult problem that it 
should be approached with care and caution. Since this 
paper was delivered the Lea and the Barkley Bills have been 
introduced in Congress. The former gives the Commission 
broad powers concerning solicitation of proxies, deposits, and 
assents in connection with judicial reorganizations and also 
with mergers, consolidations, and most voluntary readjust- 
ments. The latter requires the qualification of trust indentures 
with the Commission and, among other things, gives that body 
broad powers to require the inclusion of certain provisions in 
trust indentures. 

Without any change in the present legislation, the Commis- 
sion is in a position substantially to increase its activities, and 
this will take place more or less gradually. A number of 
provisions in the Exchange Act do not become operative unless 
and until the Commission adopts regulations to carry them 
out. Work on such regulations is reported to be in progress 
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in the Commission and presumably regulations will be pro- 
duced in the near future. There is undoubtedly strong support 
in the Commission in favor of the adoption of a system of uni- 
form accounting and something will eventually be done in this 
connection. I think this will be unfortunate, for I believe a 
system of uniform accounting will tend to produce low rather 
than high standards of accounting, and this view is shared by 
many leading accountants. 

Another method by which the Commission might increase 
its influence in corporate affairs is through the proxy section 
of the Exchange Act. Present regulations are simple, but 
the power given in the Act, although rather limited, would 
permit more extensive regulations. Furthermore, the sug- 
gestion has been made that the Commission might hold itself 
out as ready and willing to receive proxies from the stock- 
holders of any corporation, and, as the holder of such proxies, 
attend and take an active participation in the conduct of the 
meeting. If the Commission announced that it was prepared 
to act in this way, it would, no doubt, receive proxies from 
stockholders for every meeting of practically every corporation 
of substantial size. Such a policy would undoubtedly impose 
extraordinary responsibilities on the Commission, and pos- 
sibly the fear of such responsibilities will effectively prevent 
any such action. 


COOPERATION WITH COMMISSION 


What should the management of a corporation do to equip 
itself to comply with this legislation and to minimize its 
burdens? Perhaps most important of all is the mental ap- 
proach. Whether we like it or not, this legislation has come 
to stay, and we will have to live with it. I do not agree with 
many of the policies and rulings of the Commission, and I am 
frequently irritated by what I consider unnecessary red tape. 
But I always assume that the Commission is trying its best to 
do its duty and to be fair. If I think some question in one 
of the forms is foolish or immaterial or ambiguous, I never- 
theless do my best to furnish the information I believe the Com- 
mission was seeking to obtain, even though it may not be 
called for by a literal reading of the question. I believe my 
attitude is sound, and I urge you to adopt it. At any rate, I 
have always found the Commission cooperative and fair. 

Bear in mind that all the statements which must be filed, 
particularly form A-2, require time to prepare and that the 
time allowed is rarely sufficient. Issuing new securities over- 
night is no longer possible, and plans for new financing should 
be made many months ahead of time. In the case of a cor- 
poration with widely scattered foreign subsidiaries, a year may 
be needed to prepare the first registration statement properly. 
Of course, the first will be much harder than the subsequent 
statements, but, in any event, a long time is necessary to do 
a thorough job. If vexatious litigation and possible liability 
are to be avoided, every statement and every report filed under 
either the Securities or the Securities Exchange Act should be 
properly prepared. Every effort should be made to make them 
all as accurate and complete as possible. This will involve 
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time and trouble and frequently expense but will, in the end, 
prove to be the wise policy. 

Certainly, the preparation of the various statements and 
reports is much simpler if the corporation has a simple capita] 
structure. That is not a sufficient reason for changing the 
capital structure, but a simple capital structure possesses many 
advantages, andthisisonemore. Byasimple capital structure, 
I mean not only not too many classes of securities, but also 
simple provisions, and, in general, a capital structure which is 
based on sound principles of finance rather than on taking 
advantage of every liberal provision contained in the corpora- 
tion law. 

With respect to accounting, I recommend employing the 
best possible independent accountants, consulting them con- 
tinuously, and following their advice. Before engaging in any 
important transaction which will affect the financial position 
of the corporation, consider with the accountants how it should 
be handled in accordance with good accounting practice, what 
the book entries should be, and how they will affect the 
balance sheet and income statement. Do not follow the more 
usual policy of completing the transaction first, making rather 
haphazard book entries to cover it, and then begin thinking 
about it after the books are closed for the year. Many of the 
notes which now accompany most balance sheets and income 
statements are due to unsound or unthought-out account- 
ing practices. With forethought, many future accounting 
problems can be avoided. 

Remember that everything that you do may become public. 
The greatest complaints are usually made about the disclosure 
of salaries and other forms of compensation and of material 
contracts. Whether you like it or not, publicity as to salaries 
has come to stay, and I doubt if such publicity has done anyone 
much harm. Disclosure of material contracts probably is 
damaging in certain instances, but I am fairly certain that it 
is ordinarily far less damaging than is generally claimed 
Disclosure of the terms of a contract means little or nothing 
except to competitors. To them, the disclosures will rarely 
be a great surprise. 

Every corporation should see that at least one officer makes 
himself an expert and keeps himself currently informed with 
respect to these Acts and the rules and regulations. Relying 
entirely on lawyers is not safe or fair to the lawyers. Lawyers 
these days are forced to know a little about everything and 
are sometimes assumed to have a thorough knowledge of 
business and accounting. They are trained to give the ap- 
pearance of having such knowledge, but it does not always go 
very deep. To have an executive who is not a lawyer thor- 
oughly familiar with these matters is important, if the prepa- 
ration of the various statements is to be done efficiently and 
with reasonable effort and expense. 

In addition, however, every executive should make it his 
duty to become, and to keep himself, sufficiently familiar with 
this legislation and with the rules and regulations of the Com- 
mission so that he will have a sound understanding of the 
general underlying principles. 
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VESSELS Under 


EXTERNAL PRESSURE 


Theoretical and Empirical Equations Represented in Rules for the Construc- 
tion of Unfired Pressure Vessels Subjected to External Pressure 


By D. F. WINDENBURG 


U. S. EXPERIMENTAL MODEL BASIN, NAVY YARD, WASHINGTON, D. C. 


EW “‘Rules for Construction of Unfired Pressure Vessels 

Under External Pressure’’ were prepared by the A.S.M.E. 

Special Research Committee on the Strength of Vessels 
Under External Pressure at the request of the Boiler Code 
Committee. These rules were first published! in 1934 and 
have since been incorporated in the A.S.M.E. Code for Unfired 
Pressure Vessels (A.S.M.E. Boiler Construction Code, Section 
VIIL), 1934 edition, Pars. U-120 to U-138, inclusive. 

In order that the rules might be given in the simplest possible 
form, the theoretical and empirical formulas involved were 
represented by curves. These formulas are presented and dis- 
cussed in this paper. 


INTRODUCTION 


The rules apply to vessels of the types considered in Fig. 
U-20, reproduced here from the code. Such vessels are essen- 























FIG. U-20 THREE TYPICAL FORMS OF UNFIRED CYLINDRICAL VESSELS 


SUBJECTED TO EXTERNAL PRESSURE 


tially thin cylindrical shells. A thin cylindrical shell under 
external pressure is in certain respects analogous to a column. 
As is well known, the behavior of a column or strut in com- 
pression is quite different from the behavior of a rod in tension. 
A member in tension will continue to carry load until after 
the yield point of the material is reached, whereas, the same 


“Proposed Rules for the Construction of Unfired Pressure Vessels 
Subjeceed to External Pressure," MecHANICAL ENGINEERING, Vol. 56, 
1934, pp. 245-249. 

Contributed by the A.S.M.E. Boiler Code Committee. 


member in compression might buckle and become incapable 
of carrying increased load at stresses far below the yield point. 
Moreover, the presence of initial irregularities in a tension 
member is of little importance while the presence of the same 
irregularities ina compression member might greatly reduce its 
strength. 

In much the same manner, the behavior of a vessel under 
external pressure differs from the behavior of one under internal 
pressure. The shell of a vessel under internal pressure will 
continue to carry load until after the yield point of the material 
is reached, and its strength is not greatly impaired by the 
presence of initial dents or irregularities. The shell of a vessel 
under external pressure on the other hand might buckle at 
very low stresses, and its strength might be greatly reduced by 
the presence of initial irregularities or departures from true 
circular form. 

Columns may be divided into two classes: Those which 
become unstable and buckle at stresses well below the yield 
point, and those which fail at stresses approaching the yield 
point of the material. Pressure vessels can be classified in the 
same way. Relatively long, thin-walled pressure vessels be- 
come unstable and collapse at stresses well below the yield 
point while relatively short, thick-walled pressure vessels 
collapse at stresses approaching the yield point of the material. 
It is the possibility of unstable collapse that is the distinguish- 
ing feature of structures under compression. 


FORMULAS FOR THE COLLAPSE OF VESSELS UNDER EXTERNAL 
PRESSURE 


The strength of a vessel under external pressure depends 
upon its three dimensions of length L, diameter D, and thick- 
ness ¢, and the mechanical properties of the material. Tech- 
nical literature contains a large number of formulas—many are 
listed in (1 to 5)*—for computing the collapsing pressure of 
such vessels. Some formulas are comparatively simple, others 
are extremely complicated; no one of the proposed formulas is 
applicable to all ranges of the dimensions D, L, and ¢. 

Before discussing these formulas, it is well to consider first 
in a general way the relationship between the length of a pres- 
sure vessel and its strength. The heads of a very long vessel 
are too far apart to exert an appreciable influence on the central 
portions of the shell; the collapsing pressure of the vessel is 
thus independent of its length and depends upon only its thick- 
ness-diameter, t/D, ratio. The heads of a vessel shorter than 
a certain ‘‘critical length,’’ by tending to maintain the original 
circular form of the shell, have considerable influence upon its 


* Numbers in parentheses refer to the Bibliography at the end of the 
article. 
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CHART FOR DETERMINING SHELL THICKNESS OF UNFIRED CYLINDRICAL VESSELS SUBJECTED TO EXTERNAL PRESSURE WHEN 


CONSTRUCTED OF STEEL COMPLYING WITH SPECIFICATIONS S-1, S-2, S-4, S-17, S-18, S-25, S-26, S-27 


strength. Thus, for vessels of ordinary dimensions, other 
factors remaining constant, the shorter the vessel the greater 
its strength; i.e., the collapsing pressure depends not only 
upon the ¢/D ratio but upon the L/D ratio as well. The 
heads of a very short vessel, however, are so close together 
that they prevent collapse of the shell until it is stressed to the 
yield point, and the collapsing pressure of the vessel is again 
practically independent of the length and depends only upon 
the ¢/D ratio. If bulkheads or stiffening rings of adequate 
rigidity are used, they are equivalent to heads in determining 
the effective length L of a pressure vessel 

It is thus seen that vessels of different lengths have entirely 
different characteristics; consequently, the strengths of the 
vessels must be computed from different formulas. Before any 
progress could be made in formulating a pressure-vessel code 
from the many published formulas it was necessary to classify 
them. The formulas can be divided into three general types: 

a) stress, or yield formulas for short pressure vessels; (4) in- 

stability formulas, containing both L/D and ¢/D, for vessels 
of intermediate length; and (c) instability formulas, contain- 
ing t/D only, for long pressure vessels. 

The use of the formulas in the actual design of pressure vessels 
is ordinarily no simple matter. Usually, the designer is given 
the length and diameter, or volume, of a proposed pressure 
vessel and the maximum external pressure to be applied; he 


is required to determine the necessary shell thickness. Since 


pressure-vessel formulas give the collapsing pressure in terms 
of given dimensions, the determination of the shell thickness 
is often an indirect, trial-and-error procedure, various values 
of thickness being substituted until the desired collapsing 
pressure is obtained. Separate calculations must be made with 
both stress and instability formulas to determine which is 
applicable, i.e., to determine what is the probable type of 
failure. Usually, a considerable amount of computation is 
necessary in applying existing formulas to the design of a 
pressure vessel. 

To eliminate this tedious procedure, the Special Research 
Committee considered it desirable to examine the various 
theoretical and empirical formulas, to determine which was 
best for each range, and then to construct a series of curves 
representing the chosen formulas. Accordingly, one formula 
of each type was selected from each group, and these 
were represented by a series of curves, which are shown in 


Fig. U-21. 
DISCUSSION OF THE CHART, FIG. U-21 


Fig. U-21 permits the direct determination of the required 
t/D ratio for a given L/D ratio and working pressure. More- 
over, it avoids the necessity of calculations to determine which 
formula is applicable, for the curves of the chart were con- 
structed in such a manner that no formula is represented in a 
region where it does not apply. Thus, with the use of the 
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chart, the selection of the correct formula is automatically 
taken care of. In the construction of the chart, a factor of 
safety of 5 and the following values for the physical properties 
of steel were assumed: 


| 


S, = yield point, 27,500 lb per sq in. 

» = proportional limit, 22,500 lb per sq in. 
- elastic modulus, 29 X 10° lb per sq in. 
poisson’s ratio, 0.3 


“ 
Il 


Fy 
II 


The t/D curves in the upper left-hand corner of the chart 
are horizontal. This region applies to the short vessels pre- 
viously mentioned where failure occurs when stresses in the 
shell approach the yield point. The formula used to deter- 
mine collapsing pressure in this region is 


28,(¢/D) 


p= 1.05 se 


where P is working pressure, p is collapsing pressure, and S, is 
the yield point of the material, all three quantities being ex- 
pressed in the same units when the thickness ¢ is expressed in 
the same units as the diameter? D. Formula [1] is merely the 
simple hoop-stress formula with a 5 per cent reduction factor. 
This factor is based on both theoretical considerations and 
experience. 

A thorough stress analysis of a thin-walled pressure vessel, 
reinforced by stiffening rings and subjected to uniform radial 
and axial pressure, was made by von Sanden (2). His final 
results are expressed in Equations [92] and [92¢],4 which will 
be found in the Appendix. The former gives the pressure at 
In all theoretical formulas, D is the diameter to the neutral sur- 
face. However, in the Code, Par. U-122, D is taken as outside diam- 
eter. The difference is usually negligible, and the use of outside 
diameter is on the side of safety. 

‘ As originally published, this equation contained an error. See Ap- 
pendix. 
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which the longitudinal stress, i.e., bending plus axial stress, at 
the stiffener reaches the yield point; the latter gives the pres- 
sure at which the tangential stress midway between stiffeners 
reaches the yield point. These formulas involve the dimen- 
sions of the stiffener as well as the dimensions of the vessel 
itself. 

The correction factor in formula [1] was fixed at 5 per cent 
because, for stiffening rings of ordinary dimensions, the tan- 
gential stress indicated by Equation [92a] is about 5 per cent 
greater than the simple hoop stress. The theoretical difference 
between the two reaches about 10 per cent for the case of bulk- 
heads or stiffeners of infinite rigidity, but this extreme value 
is not justified by experience and was not incorporated in 
formula [1]. 

Equation [92] indicates that the longitudinal stress in the 
shell at the edge of a heavy stiffening ring may exceed the 
simple hoop stress by considerably more than the 5 per cent 
assumed in formula [1]. It was considered unnecessary to 
make allowance for this in the code, however, for two reasons. 
First, the longitudinal stress at the stiffener, the local deforma- 
tion of which is ignored by theory, is probably not as high as 
Equation [92] predicts, and, secondly, it is not longitudinal 
stress, but tangential stress that is determinative in the collapse 
of a thin-walled pressure vessel. High longitudinal stress at 
the stiffener edge may cause local yielding of the shell but not 
its collapse. This is evidenced by tests on vessels with heavy 
stiffening rings or bulkheads. For example, in Fig. 3 of 
the paper, ‘Strength of Thin Cylindrical Shells Under External 
Pressure’’ (3), the ridges which clearly outline the positions 
of the stiffening rings indicate local yielding of the shell in 
large regions where no bulging occurred. 

Altogether, with the use of stiffening rings permitted by the 
chart, Fig. U-25, formula [1] with its 5 per cent reduction factor 
is entirely adequate. 

The central portion of the chart, where the ¢/D curves are 
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inclined, applies to vessels that fail by instability of the shell 
at stresses below the yield stress. The formula used to deter- 
mine the collapsing pressure in this region is 


2.60E(t/D)*/? 


i *-aaee 


When the diameter D, length L, and thickness ¢ are all 
expressed in the same units, the working pressure P and the 
collapsing pressure p are expressed in the same units as the 
elastic modulus E. Theoretical instability formulas appear 
to be in fair agreement with one another in the range in which 
they apply. The simple formula [2] is a close approximation 
to probably the best instability formula for pressure vessels of 
intermediate length. A discussion of formula [2] and its 
derivation are given in a previous paper (1). 

On the right-hand side of the chart, the t/D curves are again 
horizontal. This area applies to the long vessels previously 
mentioned where the heads are too far apart to offer additional 
strength to the central portion of the vessel. The formula used 
to determine the collapsing pressure in this region is 


1 2E 
» = 5P = —— ——— (¢/D)* = 50.2 X 10%t/D)*.. [34] 
1.271— pe 


= 


This is the generally accepted Bresse-Bryan (6, 7) theoretical 
formula for geometrically perfect, long, thin tubes under 
external pressure with a 27 per cent reduction factor. This 
factor makes formula [34] identical with the empirical equa- 
tion of Stewart (4) and Carman (5) derived from tests on long 
commercial tubes and pipes. This formula has long been in- 
corporated in the A.S.M.E. Boiler Construction Code, and it 
has been found satisfactory in practice. 

Formula [3a] is for long thin tubes which fail by instability 
at stresses well below the yield point. Naturally, there is an 
upper limit of t/D, at which the tube becomes a thick tube or 
pipe which fails at stresses that approach the yield point and 
for which formula [3a] ceases to apply. Stewart (4) set this 


limit at t/D = 0.023 and proposed the empirical linear relation 


p = 5P = 86,670(t/D) — 1386 [30] 


for the collapsing pressure of long tubes with t/D greater than 
0.023. There is a small region on Fig. U-21, where it was 
necessary to use formula [34] instead of formula [3a]. 

The intersection of the curves expressed by formulas [2] and 
[34] or [3b] indicates the ‘‘critical length’’ (8, 9), i.e., the 
length at which the strengthening influence of the heads is no 
longer felt. 

Substitution for S, in formula [1] of the assumed proportional 
limit determines the limit of applicability of formula [2]. At 
stresses between the proportional limit and the yield point, 
the modulus of the material decreases rapidly with increasing 
Hence, formula [2] can be used only when E is re- 
placed by the proper reduced modulus (10, 11). This re- 
finement was not used, however, for the material specifications 
of the A.S.M.E. Boiler Construction Code specify only ulti- 
mate tensile strength, yield point, and elongation for the steels 
for which Fig. U-21 is applicable, thus allowing considerable 
variation in the stress-strain curves. Consequently, the transi- 
tion curves shown in Fig. U-21 were drawn in by judgment. 
They correspond to practically straight lines in a rectangular 
coordinate system. 


stress. 


REQUIRED MOMENT OF INERTIA OF STIFFENING RINGS 


Stiffening rings are frequently desirable. The reduction in 
the effective length of a vessel by the use of suitable stiffening 
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rings will often greatly increase the strength of the vessel 
without correspondingly increasing the weight or cost. 

The curves, represented in Fig. U-25, for determining the 
required moment of inertia of stiffening rings are based on the 
formula 

1, = 295 ps = y= 6x 10-DLP......... [4] 
E D 
where D is the outside diameter of the vessel, in.; J, is the 
required moment of inertia of the cross section of the stiffening 
ring about the centroidal axis parallel to the axis of the vessel, 
in.4; L is the center-to-center distance between stiffening rings, 
in.; and P is the working pressure, lb per sq in. 

This formula is derived from Lévy’s formula (12, 17) for 

the buckling of a circular ring under uniform external pressure 


SS 
I 
| 
—) 
as 


where q is the load per unit circumferential length of the ring 
and r is the radius to the neutral axis of the ring. 

It is considered desirable in pressure-vessel design, as an 
insurance against loss of life and property, to make stiffening 
rings strong enough to resist collapse, even after the shell has 
collapsed by bulging between them. Accordingly, stiffeners 
are designed for a collapsing strength at least 10 per cent higher 
than the strength of the shell (2, 3). Hence, assuming that 
the shell offers no support after buckling but transfers all its 
load to the stiffeners, the design collapsing load of the stiffener 


should be 


q = 1.1pL .{B] 

Although the support of the shell is ignored in computing 
the load on the stiffener, it is found by experience that a por- 
tion of the shell acts as part of the stiffening ring and con- 
tributes to its effective moment of inertia. Just how much 
of the shell is effective is not definitely established, but a strip 
equal in width to the flange width is a conservative allowance 
(2, 3). Hence, in applying Equation [A], [,, the moment 
of inertia of the compound section consisting of the stiffener 
and a portion of the shell, should be used. 

The use of I,, however, instead of I,, the moment of inertia 
of the stiffening ring alone, is very cumbersome, since the 
choice of a suitable stiffening ring is indirect. A promising 
section must be assumed and the moment of inertia of the 
compound section then be computed and tried in Equation 
[A]. 

To avoid the labor involved, a conservative ratio of I,/I, 
that could be used for all stiffeners was sought. An examina- 
tion of a great many calculations made on various pressure 
vessels in actual service using different types of stiffeners re- 
vealed that [,/I, varied from 1.3 to 1.7 with the majority of 
values between 1.4 and 1.5. I,/I, = 1.3 was adopted as a 
conservative value for the rolled sections in common use and 
a safe value for any type of stiffener. By substituting 1.3 /, 
for I, 1.1 pL or 5.5 PL for g, and D/2 for r in Equation [ A), 
formula [4] is obtained. 


PERMISSIBLE OUT-OF-ROUNDNESS 


For the purpose of this discussion, out-of-roundness or 
eccentricity in a pressure vessel is defined as the difference 
between the maximum and minimum radii in any plane norma! 
to the axis of the vessel measured within the region of one 
bulge or one-half lobe length. Since such variations from 
true circular form may reduce the strength of a pressure vessel, 
the committee felt that some upper limit for out-of-roundness 
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REQUIRED MOMENT OF INERTIA OF STIFFENING RINGS FOR UNFIRED CYLINDRICAL VESSELS SUBJECTED 


TO EXTERNAL PRESSURE 


should be established, by which vessels could be judged as 
satisfactory or unsatisfactory. The curves given in Fig. U-23 
represent an attempt to meet this requirement. They are 
based on the empirical formula 


bes “ie i: as 5 
n(100r/D) ia 
where ¢ is the permissible out-of-roundness i.e., the maximum 
out-of-roundness or eccentricity allowed, and m is the number 
of lobes or waves in a complete circumferential belt of the 
shell at collapse. 

Formula [5], though empirical, has a somewhat rational 
basis. In establishing this formula, an analogy was drawn 
between a pressure vessel and a column by considering the 
shell of the pressure vessel to be made up of a series of columns, 
one half lobe-length long, extending end-to-end circumferen- 
tially around the vessel. It is easily shown (1) that the pres- 
sure-vessel analog of the slenderness ratio of column theory is 


1/r = a constant/[n(t/D)].......... eee 

The eccentricity of a column corresponds to the out-of- 
roundness of a pressure vessel, and the commonly used eccen- 
tricity ratio e/r of column theory has the pressure vessel analog 
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since the radius of gyration of the shell r = ¢/+/12. 

It is now possible to use column data to predict the effect 
of eccentricity on the collapsing strength of pressure vessels. 
The work of Westergaard and Osgood (13) shows that the 
same eccentricity will weaken a long column less than a short 
one of the same cross section. Bleich (14) agrees with this 
Jezek (15, 16) should also be consulted in this connection. 

If the permissible eccentricity ¢ is taken as that eccentricity 
which will reduce the strength of a column or pressure vessel 
by a given percentage, it follows that for columns 

e/r« l/r [E] 


and for pressure vessels 


const 


n(100r/D) 


The general form of Equation [6] is substantiated to some 
extent by experiments with pressure vessels. Since m decreases 
with increasing L/D, as shown in Fig. 1 of ‘Collapse by 
Instability of Thin Cylindrical Shells Under External Pressure’’ 
(1), Equation [6] indicates that for a constant ¢/D, e/t increases 
as L/D increases. In agreement with this, it is found ex- 
perimentally that a given eccentricity has less effect on 
the collapsing pressure of a long tube than of a short one 
with the same thickness and diameter. Equation [6] in- 
dicates further that for a constant L/D, e/t decreases with 
increasing t/D. This does not conflict with the meager 
experimental evidence available. 

Equation [6] can be conveniently represented on a loga- 
rithmic L/D~— t D coordinate system, as in Fig. U-23. The 
curves representing constant values of ¢/tare approximately 
straight and parallel with positive slopes. These curves 
appear satisfactory for vessels of intermediate length, but 
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the following considerations show that they should be flat- 
tened somewhat in the extreme regions for both long and short 
vessels. 

For short columns, the allowable eccentricity no longer 
decreases with decreasing //r but actually increases slightly 
(13). This is equivalent to saying that in pressure vessels the 
allowable out-of-roundness decreases with decreasing length 
until a certain limit is reached and then increases slightly for 
further decrease in length. This increase in allowable ec- 
centricity can be ignored, since it is small and in the direction 
of safety. However, the ¢/t curves should at least flatten 
out and continue parallel to the L/D axis for small values of 
L/D. 

On the other extreme, when the length of the vessel is in- 
creased, a critical length is reached, beyond which further 
increase in length does not influence the collapsing pressure. 
At this critical length, it is reasonable to assume that further 
increase in length does not justify further increase in permissible 
eccentricity. Hence, the e/¢ curves should flatten and continue 
parallel to the L/D axis as L/D is increased beyond the critical 
length. 

Thus, the general shape of the required e/t¢ curves is deter- 
mined. They should be practically horizontal in the ex- 
treme regions of both very short and very long vessels, 
and the slope of the curve connecting these regions should be 
positive. 

There remains then to properly modify the basic Equation [6] 
and so find a suitable combination of the variables which will 
give curves of the type desired. It was found that the equation 


a ra: di 
t= EER RE 
n(100 ¢/D) — 


approaches these requirements. Values of the constants must 
now be obtained which will give reasonable and safe values of 
permissible out-of-roundness throughout the region of t/D 
and L/D covered by the rules 
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FIG. U-26 VARIOUS ARRANGEMENTS OF STIFFENING RINGS FOR 
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The constants were evaluated from the following values: 


t/D L/D e/t n 
0.003 0.15 0.6 15 
0.003 6 2.0 3 
0.01 I 5 5 
0.03 Ito 10 0.3 2 


The first three values of e/t were chosen by judgment for a 
region which has been fairly well covered by tests (1, 3 
It is quite certain that none of these eccentricities will reduce 
the collapsing strength of carefully constructed pressure vessels 
by as much as 20 per cent (1 

The last value of e/t was chosen because it represents an 
out-of-roundness of about 1 per cent of the diameter for the 
thickest pressure vessel included in these rules. Since the 
A.S.M.E. Code for Unfired Pressure Vessels (Par. U-79) now 
requires that this value be not exceeded, the requirement 
evidently can be readily met by manufacturers. The experi 
ments of Stewart (4) indicate that such an eccentricity will not 
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reduce the collapsing pressure by more than 20 per cent below 
that predicted by formulas [34] and [3b]. The necessity of 
extreme caution in fixing out-of-roundness requirements for 
pressure vessels, and especially thick ones, is indicated in the 
theoretical work of Timoshenko (17). He shows that even 
small initial eccentricities may weaken a vessel considerably. 

Evaluating the constants of Equation [7] by the method of 
least squares leads to formula [5], which has been plotted in 
Fig. U-23. 

It is to be noted that the value of e/t appearing in formula [5] 
is permitted in the length of one bulge or one half lobe length. 
For simplicity, out-of-roundness is defined in Par. U-125 as 
the difference between the maximum and minimum diameters, 
not radii, measured in the entire circumference, not one-half 
lobe length, as illustrated in Fig. U-24. Since it is possible 
for a vessel to meet a certain out-of-roundness limitation in 
all half-lobe lengths and yet fail to meet that limitation for 
the entire circumference, taking measurements in the entire 
circumference instead of in the length of one bulge may, in 
some instances, make the out-of-roundness requirements slightly 
more severe. 

Out-of-roundness measurements have seldom been made in 
the past, and the opinions of manufacturers vary greatly as to 
vhat tolerances can be met without unwarranted increase in 
cost However, some actual measurements made on pressure 
vessels now in service, together with manufacturers’ opinions 
as to what further tolerance would have been considered justi- 
fiable, have been collected by the Special Research Committee. 
It was found that in practically every case the eccentricities 
allowed by Fig. U-23 exceeded those actually measured. 
Moreover, in most cases, the values allowed were well above 
the values estimated by the manufacturers as satisfactory shop 
practice. It appears, therefore, that the tolerances allowed by 
formula [5] or Fig. U-23 are now being readily met by certain 
manufacturers. More liberal allowances should be permitted 
only as the result of extensive measurements on full-scale pres- 
sure vessels which have proved satisfactory in service. 

At present, there are not sufficient data available to make 
provision in the code for vessels which do not meet out-of- 
roundness requirements, nor does the code state how much 
extra thickness of plating is necessary to compensate for exces- 
sive out-of-roundness. In fact, an apparent inconsistency 
arises in Fig. U-23 in this connection. If a manufacturer uses 
a shell thickness greater than actually required by Fig. U-21, 
the code seems to penalize him in that Fig. U-23 gives a smaller 
allowable out-of-roundness for that increased thickness. The 
reason for the anomaly is that the decreased allowable out-of- 
roundness is not only for the increased ¢/D but also for the 
resulting increased P. Naturally, then, when a manufacturer 
uses thicker plating than required, he is privileged to use the 
out-of-roundness allowance for the required and not the actual 
t/D 

GAPS IN STIFFENING RINGS 

In pressure-vessel design, it is frequently necessary or con- 
venient to leave gaps in that portion of a stiffening ring sup- 
porting the shell, as shown at A and E in Fig. U-26. Accord- 
ingly, an attempt was made to establish a safe criterion for the 
permissible arc length of these gaps. 

For this purpose, it is convenient to consider a long plate 
supported at the edges, subjected to a uniform compressive end 
load in its plane. There is a striking similarity between such 
a plate and the belt of shell in a pressure vessel between cir- 
cumferential stiffening rings because of the uniform tangential 

hoop) stress throughout the belt. Both plate and pressure 
vessel fail in a series of characteristic bulges, to both the same 
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column analogy applies, and for both the analogous column 
length is one bulge. 

Timoshenko (17) shows that the critical buckling load of 
a long plate with simply supported edges is four times the Euler 
load for the analogous column. If a gap is made in the sup- 
ports, the plate in this region becomes a real column of length 
equal to the gap. If the gap is one bulge in length, the buck- 
ling strength of this ‘‘exposed column”’ is only one fourth of 
the buckling strength of the plate. If the gap is decreased to 
one half bulge in length, the strength of the exposed column is 
increased fourfold according to Euler’s theorem and hence 
becomes about equal to the plate strength. Hence, it may be 
concluded that a gap in the supports of a plate one-half bulge 
or less in length will not materially decrease the strength. 

Now a gap in the stiffening rings of a pressure vessel is 
equivalent to a gap in the supports of a plate. It may be 
concluded, therefore, that a gap in a stiffening ring of a pressure 
vessel, one-half bulge or one fourth lobe or less in length, will 
not materially decrease the strength of the shell. 

Fig. U-27 requires that the maximum unsupported arc of the 
shell shall not exceed one fourth lobe length. The lobe lengths 
were obtained from von Mises’ Equation [6] (18) which is 
represented graphically in a previous paper (1). 
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ENGINEERING EMPLOYMENT 


Fourth Series of Results of the Survey of the Engineering Profession 
Conducted by the U. §. Bureau of Labor Statistics 


HREE summary reports based on analyses made by the 

United States Bureau of Labor Statistics of returns from 

52,589 professional engineers have already appeared.! 
The present article, which deals with security of employment 
in the engineering profession, as related to means of securing 
employment, civil-service status, the employment contract, 
provision for retirement on pension, and patent privileges 
enjoyed by engineers, is based on the fourth report.? 

The study on which the reports are based was undertaken in 
May, 1935, at the request of the American Engineering Council. 
A questionnaire, mailed to 173,151 engineers, directed the 
engineer replying to it to indicate how he obtained his position 
and to answer certain questions regarding the other points 
covered by the present report. The data here summarized were 
supplied by 35,559 engineers who reported the field of engi- 
neering engaged in and who had an engineering job on Dec. 31, 
1934. Because the complete summary report is available, 
only the following portions are quoted in this article: 


MEANS USED TO OBTAIN EMPLOYMENT 


The data furnished by engineers concerning the medium 
through which they obtained employment demonstrate that 
for the engineering profession as a whole, placement was not 
the function of any particular organization. The vast majority 
of professional engineers obtained their jobs through personal 
contacts and recommendations. This was the means used to 
find the position held in 1934 by no less than 68.4 per cent of 
the 35,559 engineers who also reported the field of engineering 
activity in which they were engaged. Personal contacts and 
recommendations, together with civil service, accounted for 
74.2 per cent of the mechanical and industrial engineers. For 
each of the remaining professional classes, these two mediums 
covered approximately four fifths of their respective totals, 
ranging from 78.4 per cent of the chemical and ceramic to 81.5 
per cent of the civil engineers. Mechanical and industria] 
engineers reported relatively higher percentages of jobs obtained 
through an engineering society, a private employment agency, 
and newspapers. 


1 “‘Education of the Engineer,” MecuanicaL ENGINEERING, August, 
1936, pp. 505-509. Also ‘‘Educational Qualifications in the Engineer- 
ing Profession,’’ Monthly Labor Review, June, 1936, pp. 1528-1542; also 
reprinted as Bureau of Labor Statistics Serial No. R. 400. 

“Unemployment of the Engineer,’’ MercuanicaL ENGINEERING, 
March, 1937, pp. 178-181. “‘Unemployment in the Engineering Pro- 
fession,”’ prepared by A. F. Hinrichs, chief economist, and A. Fraser, 
Jr., Division of Wages, Hours, and Working Conditions, Bureau of 
Labor Statistics, Monthly Labor Review, Januaty, 1937, pp. 37-59; also 
reprinted as B.L.S. Serial No. R. 497. 

‘Employment of the Engineer,’’ MecuanicaL ENGINEERING, May, 
1937, p. 350. ‘Employment in the Engineering Profession, 1929- 
1934,"" prepared by Andrew Fraser, Jr., Division of Wages, Hours, and 
Working Conditions, Bureau of Labor Statistics, Monthly Labor Review, 
April, 1937. 

**'Security of Employment in the Engineering Profession,’’ prepared 
by Andrew Fraser, Jr., Division of Wages, Hours, and Working Condi- 
tions, Bureau of Labor Statistics, Monthly Labor Review, May, 1937. 


Only 2.4 per cent of all engineers reported that they obtained 
their positions through an engineering society. Some 3.7 and 
2.7 per cent, respectively, of the mechanical and industrial, 
and mining and metallurgical engineers were so classified. 
For the three remaining professional classes, the percentages 
ranged from 1.4 to 1.9. Despite the fact that so few engineers 
reported an engineering society as their einployment medium, 
it must be recognized that such societies are an important factor 
in obtaining employment for professional engineers. It is 
obvious that through their members there must inevitably be 
a pooling of information on employment prospects, both 
locally and nationally. Furthermore, the officials of the vari- 
ous societies are kept in close touch with local and national 
employment conditions as a result of their meetings and con- 
ventions; but such appointments as are made would depend 
rather upon personal contacts and recommendations than upon 
contacts made through the society's employment service. The 
fact, therefore, that only 2.4 per cent of all engineers reported 
the engineering society as their medium of employment must 
be interpreted in the light of these conditions. 

The securing of employment through newspapers and tech- 
nical journals was reported by 1.6 and 1.0 per cent, respectively, 
of all engineers making returns. 

Private employment agencies were used by only 1.6 per cent 
of all engineers reported. Public employment agencies em- 
braced approximately the same proportion, 1.5 per cent. 

Despite the fact that, in all, 11,177 of the engineers reporting 
were in the employ of public authorities in December, 1934, only 
45.0 per cent of them reported as being under civil service. The 
proportion of all engineers with civil-service status was 48.4 
per cent in the case of positions under the federal government 
and for employment with state and county, and municipal 
governments, 36.1 and 45.6 per cent, respectively. 


THE EMPLOYMENT CONTRACT 


For the engineering profession as a whole, the data clearly 
evidence a lack of economic security in terms of a written 
contract which would secure employment over a substantia} 
period of time. In all, only 3169, or 8.9 per cent, of the 35,559 
engineers who reported employment in an engineering field* 
were covered by a written contract. Of these, some 0.8 per 
cent had a contract for less than 1 year, 3.5 per cent a contract 
for between 1 and 2 years, and only 0.9 per cent for 2 years or 
more. Engineers who did not report as to period of contract 
formed 3.7 per cent of the whole. No less than 91.1 per cent 
either answered ‘‘No”’ or did not furnish specific information. 

Comparison of the positive returns on employment contract 
from all engineers in the three broad fields of engineering 
activity, private engineering, public engineering, and personal 

’ Throughout the whole of this discussion, only engineering em- 
ployment is considered. Consequently, no cognizance has been taken 


of the economic security of engineers engaged in nonengineering em- 
ployment. 
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service, shows that use of the contract was most common in 
personal service—primarily education. For engineers under 
contract in the personal-service field the most common contract 
period (reported by 25.6 per cent of the 2778 engineers so 
engaged) was from 1 to 2 years. Some 4.0 per cent were under 
contract for periods of 2 years or longer. Although the corre- 
sponding percentages for public engineering were much lower 
than for personal service, they were higher than for private 
engineering. For employment contracts under 1 year, how- 
ever, private exceeded public engineering (1.0 per cent, as 
against 0.5 per cent). Of all reporting engineers engaged in 
public engineering, 2.0 per cent had contracts for 1 and under 
2 years, and 1.1 per cent for periods of 2 years and over. The 
corresponding percentages for private engineering were 1.4 
and 0.5 per cent. 

For the separate fields of activity under private engineering, 
relatively the largest proportion of engineers under contract 
in their jobs occurred in manufacturing, with 408, or 3.8 per 
cent, of the 10,888 reporting as so engaged. In the construc- 
tion and extractive industries 3.0 and 2.0 per cent, respectively, 
had written contracts. The smallest proportions under con- 
tract were reported by engineers employed by public utilities or 
engaged in transportation (1.1 and 0.9 per cent, respectively ). 

The data also confirm the previous finding that engineers 
engaged in teaching are relatively more secure with regard to 
employment than other members of the engineering profession: 
33.8 per cent of their number reported written contracts for 
periods of from 1 to 2 years. Sales employments, next in order, 
had under contract for a similar period only 3.9 per cent of their 
1513 reporting engineers, and general administration and man- 
agement only 2.3 percent. Each of the other functional classes 
had less than 2.0 per cent. Even for the contract periods of 2 
years and over, teaching covered 4.8 per cent of the total re- 
ported for this functional class. The next highest percentage, 
namely, 1.5, was reported for general administration and 
management. In no one of the remaining employments did 
the percentage of engineers with written contracts for 2 years 
and over exceed 0.8 per cent. 

Thus, with regard to fields of activity or the functional classes 
within them, the engineering profession cannot be said to have 
any substantial security of employment provided through a 
written contract for a period of time. On the other hand, pro- 
fessional engineers are not generally restricted with regard to 
the seeking of employment similar to that in which they may 
be engaged. This is evidenced by a consideration of the data 
furnished by professional engineers concerning their separation- 
contract status. 

Only 1.4 per cent of all the reporting engineers stated that 
they were under a contract for a definite period of time during 
which they bound themselves not to seek similar employment. 
This included 0.8 per cent whose separation contracts were for 
less than 1 year, 0.2 per cent for a period of from 1 to 2 years, 
and 0.4 per cent for 2 years and over. Clearly, restrictions 
upon professional engineers with regard to new employment 
were few. 


PROVISION FOR RETIREMENT ON PENSION 


As of December, 1934, almost one third (10,641) of the 35,559 
professional engineers reporting who had engineering jobs at 
that time stated that they had pension privileges. Of this 
number, 6684, or 18.8 per cent were covered by contributory 
pension schemes, and 3957, or 11.1 per cent, by noncontributory 
Some 57.8 per cent were in employments for which 
About 12.3 per cent did 


schemes. 
no pension provision had been made. 
not furnish information. 

Of the engineers in pensionable positions, the smallest rela- 
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tive proportion, 26.2 per cent, was engaged in private engi- 
neering. By contrast, 37.4 per cent of the engineers engaged 
in public engineering and 29.0 per cent of those in personal 
service had pension privileges. For public engineering and 
personal service the contributory scheme predominated. On 
the other hand, of the engineers engaged in private engineering, 
the largest proportion was covered by noncontributory systems. 
However, within the private-engineering group marked differ- 
ences were shown; the same was true of the three categories of 
public engineering. 

The largest number of professional engineers covered by a 
pension plan were those in the employ of the federal govern- 
ment. Out of a total employment of 4649 engineers reporting, 
43.2 per cent were under a contributory and only 5.3 per cent 
under a noncontributory plan. The corresponding proportions 
in positions with state and county, and municipal governments 
were very much less—26.9 and 1.3 per cent, respectively. For 
municipal-government employment the figures were 29.9 and 
2.4 per cent. 

Among the remaining fields of activity, public utilities and 
transportation reported the next highest proportions (after 
federal employment) as having pension privileges. Public 
utilities and transportation used the noncontributory scheme; 
this type of plan covered 37.2 per cent in utilities and 33.1 per 
cent in transportation; contributory systems covered only 8.2 
and 9.6 per cent, respectively, of those reporting. For the 
three remaining pursuits shown under private engineering, the 
largest number of engineers with pension privileges did not 
exceed 25.7 per cent, and in all cases contributory schemes 
predominated. 

From the preceding discussion of the pension privileges it 
is quite evident that the kind of employment has a marked 
effect upon the question of the installation of a pension scheme 
In no type of engineering employment was a majority of the 
reporting engineers protected by such a plan. 


PATENT PRIVILEGES IN THE ENGINEERING PROFESSION 


Information as to patent privileges was furnished by 61.6 
per cent of the 35,559 reporting engineers with engineering 
jobs at the end of 1934. 

Of all engineers covered, 31.7 per cent reported retention of 
the patent rights for all inventions made either in the course 
of their work or in fields not directly related to their work 
Among the nine separate fields of employment this was true 
of the largest group in each case, except in manufacturing where 
the highest proportion (30.1 per cent) reported that they had 
no rights to patents relating to their work, but did retain their 
rights to those not directly related to their work. This latter 
combination ranked second in importance and included 16.9 
per cent of the 35,559 engineers. The third group in impor- 
tance (including 4575, or 12.9 per cent) was that reporting 
complete restriction on both aspects of patent privileges. Only 
42 engineers, less than 0.1 per cent of the total, reported that 
they retained the rights to inventions connected with their 
duties but not to those not so connected. 

It would seem that, comparatively, there is only slight re- 
striction on the retention of patent rights among professional 
engineers, although its extent varies in the different fields of 
employment. Thus, relatively the greatest restriction was 
placed upon engineers engaged in manufacturing, 19.0 per cent 
of whom reported complete restriction, 30.1 per cent the right 
to patent inventions not directly related to their work but not 
to those made in the course of their work, and only 23.1 per 
cent no restrictions. In the extractive industries the limita- 
tions, while less severe than in manufacturing, were neverthe- 
less greater than in any of the other branches of private engi- 
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neering. Complete restriction was reported by 15.6 per cent 
of the engineers in the extractive industries, by 11.8 per cent 
of those in construction, and by 11.4 per cent of those in trans- 
portation; the smallest proportion, 8.9 per cent, was reported 
for engineers in the employ of public utilities. 

It has already been noted that in manufacturing some 30.1 
per cent of the engineers so engaged had the right to patent 
inventions not directly related to their work, but not to those 
made in the course of their work. This partial restriction was 
very much less for the remaining fields of activity in private 
engineering. In the case of extractive industries, only 18.6 
per cent so reported, in transportation 17.3 per cent, and in 
public utilities 16.0 per cent. Partial restriction affected only 
8.6 per cent of the engineers engaged in construction. These 
same four fields of activity did, however, report larger propor- 
tions as being unrestricted with regard to patent privileges. 
These ranged from 32.6 for extractive industries to 42.4 per 
cent for public utilities. It will be recalled that only 23.1 per 
cent of the engineers in manufacturing so reported. 

In the three classes of public engineering, there was a marked 
divergence in the restrictions placed upon patent privileges 
This was greatest for engineers in the employ of the federal 
government, 12.2 per cent of whom had no patent privileges 
whatsoever, whereas in state and county, and municipal 
governments only some 9.0 per cent were under complete re- 
striction. Partial restriction affected 12.5 per cent of the federal- 
government engineers, but only about 5.5 per cent of those in 
the other two public employments. The greatest divergence 
occurred for those engineers who reported they had the right 
to patents made in the course of their work and also to those 
not directly related to their work. This group included only 
21.7 per cent of federal-government engineers, whereas for state 
and county, and municipal governments, the percentages re- 
ported were, respectively, 35.8 and 36.7. 

Relative to all other fields of activity, the least restrictions 





611 


were found in personal service, where 50.4 per cent reported 
unrestricted patent rights, 9.7 per cent partial restriction, and 
only 5.3 per cent no patent privileges. This freedom from re- 
striction in the retention of patent rights for engineers in the 
personal-service group was due to the preponderance of teachers 
in this group. 

Engineers engaged in teaching were under the least restriction 
as to the retention of patent rights, and engineers in design and 
research were under the greatest restriction. Of the 9050 
engineers Classified as working in design and research, only 23.5 
per cent had the right both to patents made in the course of 
their work and those not directly related to their work. As 
many as 55.3 per cent of the engineers engaged in the teaching 
of engineering subjects so reported. For the remaining five 
lines of work, the proportions with full rights to patents ranged 
from 29.9 per cent in sales to 33.6 per cent in general adminis- 
tration and management. 

Relatively, the largest proportion of engineers who were 
partially restricted in regard to patent rights (26.6 per cent) 
was reported for design and research. Even in the case of 
sales, some 20.5 per cent were classified under this ‘“‘No—Yes”’ 
combination. By contrast, only 18.1 per cent of the engineers 
engaged in operation and 16.0 per cent in general administration 
and management were restricted only as to patents relating to 
their work. The corresponding proportions in construction, 
consulting, and teaching were very, much less, ranging from 
8.7 in construction to 9.7 in teaching. 

The largest relative percentage completely restricted was 
19.4—for the engineers engaged in sales—with design and re- 
search following next in order (15.8 percent). From this point 
the proportion ranged downward to 13.4 per cent in operation, 
12.1 per cent in general administration and management, 11.5 
per cent in consulting, and 10.8 per cent in construction. The 
lowest percentage under complete restriction, namely 4.4, was 
noted in teaching. 


Gerald Young 








FACING the TAX PROBLEM 


By DONALD S. TUCKER 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


AXATION involves complex problems. Description 

of such problems in clear, simple language is an achieve- 

ment of which Professor Shoup! and his associates may 
be justly proud. Public expenditures and taxation also touch 
closely upon current political issues. For this reason it is dif- 
ficult to avoid bias in either the wording or arrangement of a 
report, yet the recent volume published by the Twentieth Cen- 
tury Fund seems to have accomplished this also. The findings 
of the research staff and of the committee cover many aspects of 
local, state, and federal taxation. The authors are interested 
primarily in improving our tax system, but their findings as to 
fact are of especial interest here. 

‘On an average every person in the United States pays $100 a 
year intaxes... Another $15 or $20 a person would be needed 
if borrowing were to be ended and expenditures were to continue 
undiminished... More than one fifth of what statisticians call 
national income is used to pay taxes—and the tax money, when 
it is paid out in government expenditures, in turn accounts for 
more than one fifth of the national income. The fraction 
would be close to one fourth if borrowing were to be replaced 
by an increase in taxes.” 

One hundred dollars a person means that in 1937 approxi- 
mately $12,500,000,000 will be collected in taxes. Of this 
amount state governments receive about 2.5 billions, local 
governments about 4.5 billions, and the federal government 
about 5.5 billions. One hundred and seventy-five thousand 
taxing jurisdictions, chiefly units of local government, receive 
this income. Two taxes, however, contribute more than half 
of the revenue—property taxes (4.5 billions) and income taxes 
(2.6 billions). Three other taxes contribute more than half a 
billion dollars annually. These three of the second rank are the 
levies on gasoline (850 millions), liquors (800 millions), and 
tobacco ($50 millions). In the third rank come sales taxes, 
pay-roll taxes, death taxes, customs duties, motor-vehicle taxes, 
and gift taxes. In the fourth rank come numerous other 
forms of taxation which, though individually less important, 
collectively contribute more than a billion dollars to the 
revenues of federal and state governments. 

Federal revenues have changed their character greatly within 
the last 25 years. In 1913 customs duties contributed nearly 
half (48 per cent) of the federal revenue. During the World 
War customs revenue diminished and other revenues increased 
so that in 1918 tariff duties contributed only 5 per cent of the 
federal income. After the war their percentage increased to 
18 per cent in 1923; but since then the customs revenue has 
diminished erratically. In 1937 the tariff is expected to con- 
tribute only 7 per cent of the federal revenues. 

In 1913 internal taxes (52 per cent of the federal total) con- 
sisted chiefly of liquor taxes (35 per cent). Revenues from this 
source dwindled, then substantially disappeared; after the 
repeal of prohibition they rose again, but constitute for this 
year only 11 per cent of the federal revenue. Because liquor 

‘ “Facing the Tax Problem,’’ Twentieth Century Fund, Inc., New 
York, 1937. 

One of a series of reviews of current economic literature affecting 
engineering prgares by members of the department of economics and 
social science, Massachusetts Institute of Technology, at the request 


of the Management Division of Tue American Society or MECHANICAL 
ENGINEERS. 


taxes are used also by state governments, the taxes on liquor 
contribute twice as much revenue to our governments as do the 
customs duties, nevertheless liquor taxes no longer belong in 
the first rank as sources of government revenue. 

State governments as well as federal now draw their revenues 
from highly diversified sources. As recently as 1902 general 
property taxes contributed more than half of the state tax 
revenue. Two changes have occurred since that time. New 
sources of state revenue have been found, and states have re- 
duced their demands upon the general property tax. In 1937 
only 7 per cent of state tax revenues were drawn from the 
property tax and many of the more important states have 
abandoned this tax as a source of state revenue. 

In contrast with these tendencies in state and federal taxation, 
local governments have developed no new sources of taxation. 
They rely chiefly on the general property tax and the general 
property tax has thus become substantially segregated for the 
use of county governments and their more local subdivisions. 
Since revenues from property taxes diminished greatly during 
the depression, three tendencies appeared in local government: 
These units curtailed their services sharply, they became re- 
cipients of state subventions, and in some instances they sur- 
rendered to state governments the administration of activities 
formerly controlled locally. Local self-government has dimin- 
ished in part because our life is now less localized but in part 
because of fiscal necessities. 

‘*Federal expenditures increased gradually from 1925 to 1930. 
The total increase ... was less than 10 percent. Thereafter they 
rose rapidly with depression demands, nearly doubling in the 
five years 1930 to 1935 when the total ... was $7,272,000,000." 
In 1936 federal expenditures were 8.88 billions. For the years 
1937-1940 they are estimated. Because many services cannot 
be abandoned quickly, the minimum estimate for tederal ex- 
penditures in 1940 exceeds 6.5 billion dollars. 

State expenditures were less influenced by war and depres- 
sion than were those of the federal government, but state ex- 
penditures have grown more rapidly than federal. During the 
period 1910-1930 federal expenditures increased fourfold, state 
expenditures were multiplied by seven. State expenditures 
then remained at about the same level (2.2 billion) during the 
period 1930-1935, but promise now to resume their former rate 
of rapid growth. Growth of state expenses in the next few 
years may well offset all possible economies by the federal 
government. 

Local expenditures also show plainly the popular demand for 
increased government service. In 1910 local expenses were 
less than 1.6 billion. Twenty years later they exceeded 7.2 
billions. Reduced revenues caused a drastic cut to 5.2 billion 
in 1933 and thus helped to compel the increase of expense by 
other levels of government. Many of the burdens surrendered 
by local units 1930-1935 will undoubtedly remain in the new 
hands, but growth of population and increasing demands for 
service promise by 1940 to carry local expenses once more above 
their 1930 level (7.2 billions). 

Government expenses for 1940 may therefore assume figures 
somewhat like the following: Local 7 billions, federal 6 
billions, and state 5 billions. This estimate should of course 

Continued on page 614) 
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AMBROSE SWASEY, 1847-1937 


T A time when the quiet and enduring virtues of New 
England character seem to be temporarily in eclipse, the 
death of Ambrose Swasey comes to testify to their greatness. 
In Ambrose Swasey they flowered and fructified and demon- 
strated how men of humble origin but good heredity may be 
influenced by their environment to make the most of their 
talents and opportunities. The ferment of New England at the 
height of its spiritual and intellectual development was strong 
within him. His Exeter 
background, the creative 
atmosphere of the New 
England workshop, and a 
long life maturing in the 
transplanted New England 
of the Western Reserve 
mercifully spared him from 
the frustration of decadence 
which Santayana has re- 
cently characterized in 
“The Last Puritan.”’ 
Neither Beacon Hill nor 
State Street robbed him of 
the ennobling experiences 
of honest craftsmanship in 
the mechanic arts or of 
participation in the mighty 
drama of the emergence of 
the industrial culture that 
applied science has now 
made typical of our present 
civilization. If the intel- 
lectual and religious prob- 
lems that raised havoc 
with so many of his con- 
temporaries troubled him, 
there is no indication of it 
to be found in his Jife and 
character, for he seems to 
have been able to face their 
dilemmas and paradoxes in 
the creative and evolu- 
tionary spirit that per- 
vaded his philosophy and 
his career. If, in his ninety first year, he returned to spend his 
last days in the simple environment of his birthplace, it was 
from no nostalgia born of a belief that the good old days were 
the best and that he longed to have them back, for he had 
maintained as recently as his 90th birthday that this was not 
so. ““Time modifies all this,’’ he is reported to have said, 
‘People will get used to it and go right on living.’ 

The facts of Ambrose Swasey’s career have been often told. 
Born in Exeter, N. H., on Dec. 19, 1846, the youngest child of 
Nathaniel and Abigail Peavey Swasey, his formal schooling 
was confined to a few years spent at the old Plains school house 
of his native town. He was endowed with a sound body and 
Clear mind, and a simplicity and sincerity of character inherited 
irom one of New England's earliest families that had earned the 
respect of Exeter for the part played in its history. 

His life’s work began with an apprenticeship at the Exeter 
Machine Works, where native talent in the use of mind, eye, 
and hand developed into a rare skill in precision craftsmanship, 
later capitalized in the building of machine tools and astronomi- 
cal instruments. Here it was that Mr. Swasey became the 
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lifelong friend of Worcester Reed Warner, with whom he was 
subsequently to establish the famous firm of Warner and 
Swasey. With Warner he went, in 1869, to Hartford, Conn., to 
work in the shops of Pratt and Whitney. It was during this 
period in his career that Mr. Swasey devoted much time and 
thought to the precision manufacture of gears, being in charge 
of that department of the company’s business, and here he de- 
veloped the epicycloidal gear-cutting machine. 

But Warner and Swasey 
were confident of the great 
future for the machine tool 
industry and in 1880formed 
a partnership and opened 
a business of their own in 
Chicago. Events proved 
that the sources of skilled 
mechanics and opportuni- 
ties for successful manu- 
facturing were brighter in 
Cleveland, and hence the 
business was removed to 
that city in 1881, where 
the great works bearing 
that name still thrives. 
Material successes required 
continuous enlargement of 
the enterprise until the 
partners, in 1906, when the 
plant was enlarged to three 
times its former size, de- 
cided that further expan- 
sion should be resisted. 
They wanted, Mr. Swasey 
explained, some time ‘‘to 
travel, to look about us, to 
pass some time with our 
friends, and to enjoy the 
good things of life.’” This 
they did, with that rare 
sense of balance and obli- 
gation to themselves and 
their associates and friends 
that brought richness to 
their lives and broadened the scope of their influences. 

This is no place to give in detail the history of a successful 
machine-tool building enterprise that has become famous the 
world over, or to enumerate the specific contributions to tech- 
nology made by Mr. Swasey. But there existed in the enter- 
prise and in Mr. Swasey’s passion for perfection that sine qua 
non essential to the great instruments of astronomical science. 
Warner and Swasey became famous as the builders of mountings 
for telescopes, and the list of their endeavors to place instru- 
ments of the highest quality at the disposal of astronomers is a 
list of many of the world’s great observatories. Ever larger and 
more important instruments came from their shops, and for 
many of these their old friend, John A. Brashear, kindred of 
their simplicity and greatness, provided the lenses. *‘We have 
never made money out of telescopes,’’ Mr. Swasey once said 
with characteristic insight, “‘but the money we have put into 
that end of our business has brought us invaluable returns in the 
form of contacts which have helped in the production and sale 
of turret lathes, to which we look for profit."’ This far-sighted 
idealism, so typical of the New England roots from which it 
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sprang, has been accepted by the great industries of today as a 
working philosophy, the basis of sound and sure advance. 

It was natural that a man of Ambrose Swasey's genius and 
temperament should join The American Society of Mechanical 
Engineers in the first year of its history. Had he been close to 
New York, he would, undoubtedly, have been among its foun- 
ders. And it was natural also that he should find in the Society 
an opportunity to develop his warm appreciation of personal 
friendship with men of his own interests and ideals. As years 
passed and the Society and Mr. Swasey grew, his qualities of in- 
spirational leadership and engineering ability forced him into a 
position of unusual prominence among engineers. This Society 
and others never tired of doing him honor, and he never tired 
of helping them directly through his benefactions and services, 
and indirectly by the light shed on them by his fame and the 
esteem in which the world held him. In 1904 he served the 
Society as its president; in 1916 the Society made him an 
honorary member; in 1924 the Founder Societies awarded 
him their highest honor, the John Fritz Medal; in 1933 he be- 
came A.S.M.E. Medalist; in 1936, at the time of his ninetieth 
birthday, with Herbert Hoover present, the Society made him 
the only other recipient of the Hoover Gold Medal. The list 
of his other honors and awards is too long for mention, but it 
includes the Legion of Honor of the French government and 
honorary degrees from many colleges and universities. 

Ambrose Swasey’s list of honors is rivaled in length and 
brilliance by the list of his benefactions. In a funeral oration 
delivered at the First Baptist Church, Exeter, N. H., ‘his 
mother’s church,”’ as he often called it, which one of his an- 
cestors, Elizabeth Swasey, had helped to found in 1800, its 
minister, the Reverend Howard P. Weatherbee, told of Mr. 
Swasey's first experience in giving. ‘‘He, with his brother,” 
said Mr. Weatherbee, ‘‘went out into the woods and chopped a 
couple of cords of wood and hauled it to the Baptist parsonage 
where Rev. Noah Hooper lived. It was this Noah Hooper who 
baptized him in 1864 and who later officiated in his wedding 
ceremony. But this giving of the wood to the church was his 
first experience in giving.” 

Throughout his life Ambrose Swasey continued to give to 
his church, to educational institutions, to the poor, to science, 
and to engineering. Many of his benefactions are unknown, 
but among those that the world knows stands out the gift of 
$750,000 with which he set up the Engineering Foundation in 
1914. His interest in this project has placed engineers of all 
societies forever in his debt. Toward the purchase of the site 
for the building to house the National Academy of Sciences 
and the National Research Council in Washington he made 
generous contribution. He was the donor, with Warner, of 
the Warner and Swasey observatory of the Case School of 
Applied Science; he gave an observatory to Denison University; 
he endowed the chair of physics at the Case School of Applied 
Science, occupied by his friend Dr. Dayton C. Miller; he 
established a library for the Colgate-Rochester Divinity School 
at Rochester, N. Y.; he erected a building for the Canton 
Christian College (now Lignan University), and a science 
building for the University of Nanking. Mr. Swasey, it is 
said, was largely responsible for the German government's 
return to the Chinese of the famous astronomical instruments 
taken from the Great Wall to Potsdam during the Boxer re- 
bellion. To the little church at Exeter he donated two me- 
morial windowsand an organ which he never lived to hear played. 
For his native town he converted the land along the western 
bank of the Swampscott River into the Swasey Parkway and in 
Exeter Square he erected a pavilion. 

Mere catchpenny concern with business affairs combined with 
rare talent and unusual astuteness may build up a great indus- 
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trial enterprise and win a more than usual amount of earthly 
riches, but the qualities of character Mr. Swasey possessed en- 
deared him to his friends for himself alone, and the circle of 
these friends was an ever-widening one which included much 
more than that of a successful manufacturer could. His city 
revered him for his civic interests; he had an honored standing 
in banking circles. Patron of education. his name was known 
throughout the land and his face and influence were familiar in 
several institutions. Among scientists he moved as friend, 
benefactor, and colleague. He rarely missed meetings of the 
American Philosophical Society and the National Academy of 
Sciences (two months before his death he had attended a meet- 
ing in Washington of the latter) and at these meetings, as in 
engineering gatherings, he was greeted with friendly affection 
by young and old. His business associates gave up years ago 
urging him to spare his strength; he preferred activity to 
senility which never overtook him. He died, as no doubt he 
had hoped he would die, with his long career unblighted by 
the extensive period of illness that saddens family and asso- 
ciates with the spectacle of a broken mind or body, and at the 
place of his birth and burial. He returned from whence he 
came. 

Friends of Mr. Swasey who best sensed the fine simplicity, 
sincerity, and humility of his character knew that he valued 
highly his relationship to the Baptist Church. Whatever suc- 
cess he may have achieved in worldly affairs and whatever 
satisfaction this may have meant to him were enriched by this 
spiritual tie to the best traditions of his family and early train- 
ing. But however spiritual and idealistic this tie may have 
been, it bound him also to the practical affairs of his church 
and creed. He served the Baptist Education Society of New 
York State as its president, the Northern Baptist Convention 
on its finance committee, and the First Baptist Church of Cleve- 
land as its honorary president. Deeply religious with the calm 
sanity of one whose art served those who sought out the secrets 
of the heavens, he is said to have remarked shortly before his 
death, ‘‘There is one thing no telescope will ever be able to do 
It will never be big enough to see around the edge.” 

In 1871 Mr. Swasey married Lavinia Dearborn Marston who 
died in 1913. There were no children to survive him. Only 
the memory of a true gentleman remains. The great works and 
monuments to his industry and philanthropy keep this memory 
alive; and that asteroid named in his honor ‘‘Swazya.’’- 
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be reduced if the social-security program is abandoned; it 
should be increased if unemployment fails to diminish at the 
rate assumed. It should of course be increased if inflation, 
another veteran's bonus, or other exceptional events should 
occur. The important point here is that there may be fur- 
ther increases in total government expenditures. There 1s 
little reason to expect a decrease in the total. It is reasonable, 
however, to expect that curtailment of federal expenses will 
almost offset the prospective increase in state and local ex- 
penditures. Nontax revenue which now supplies about 1.5 
billions annually may be expected to increase to about 2 bil- 
lions; but probably in 1940 some 16 billions of expenses will re- 
main to be financed by loans or taxes. 

With a tax burden which promises to remain so large, high 
efficiency will be demanded of our tax system. To this prob- 
lem most of the committee’s study was devoted. The report 
merits the thoughtful consideration of all conscientious voters 
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BRIEFING THE RECORD 


Abstracts and Comments Based on Current Periodicals 





ATERIAL for these pages is assembled from numerous 

sources and aims to cover a broad range of subject matter. 
While no quotation marks are used, passages that are directly 
quoted are obvious from the context, and credit to original 
sources is given. 


China’s Highest Art 


HARPER'S MAGAZINE 


IDSUMMER, better than any other season, provides the 

time and the occasion to think seriously of leisure and 
loafing. In midsummer men forget the cares of office, shop, 
and market place and recreate body and mind, their painfully 
acquired sense of duty appeased by the sanctions of custom and 
the policy of their employers. What better time, therefore, 
in which to listen to the Chinese scholar Lin Yutang who 
writes in the July issue of Harper's on ‘The Importance of 
Loafing?”’ 

From a Chinese point of view, says this expositor of Oriental 
thought, the man who is wisely idle is the most cultured man. 
If men fail to enjoy this earthly existence we have, he asserts, 
it is because they do not love life sufficiently and allow it to be 
turned into a humdrum, routine existence. The idle life 
really costs so very little, he says in another place, as Thoreau 
took the trouble to point out; and mention of Thoreau is 
enough to send one scurrying back to “‘Walden,”’ never read 
too often, to learn that we still live meanly, like ants. The 
nation itself, according to Thoreau, with all its so-called inter- 
nal improvements, which, by the way, are all external and 
superficial, is just such an unwieldly and overgrown establish- 
ment, cluttered with furniture and tripped up by its own traps, 
ruined by luxury and heedless expense, by want of calculation 
and a worthy aim, as the millions of households in the land, 
and the only cure for it as for them is a rigid economy, a stern 
and more Spartan simplicity of life and elevation of purpose. 
It lives too fast. Men think that it is essential that the Na- 
tion have commerce, and export ice, and talk through the 
telegraph, and ride thirty miles an hour . And if rail- 
roads are not built, how shall we get to heaven in season? 

But to get back to the Chinese view— 

We do not deny, says Dr. Lin, that efficiency gets things 
done and very well too . Against the old contention, 
however, that we must all be useful, be efficient, become officials 
and have power, the old reply is that there are always enough 
fools left in the world who are willing to be useful, be busy, and 
enjoy power, and so somehow the business of life can and will be 
carried on...... Our quarrel with efficiency is not that it gets 
things done, but that it is a thief of time when it leaves us with 
no leisure to enjoy ourselves, and that it frays our nerves in 
trying to get things done perfectly .... The tempo of mod- 
ern life forbids this kind of glorious idling. 

And thus, West meets East, in Thoreau and Dr. Lin. In the 
vacation leisure there is time to listen to these calm voices, 
for after Labor Day one becomes an ant again. 


The Engineer and Government 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


pseu of government, not only in Europe but here in 
America, are in a state of flux, says Vannevar Bush, dean 
of engineering, Massachusetts Institute of Technology, 
member, The American Society of Mechanical Engineers, 
in a paper entitled ‘‘The Engineer and His Relation to Govern- 
ment,’ read at the Summer Convention, Milwaukee, Wis., June 
22, 1937, of the American Institute of Electrical Engineers. 
Dean Bush's complete paper will soon be available in Electrical 
Engineering, published by the A.I.E.E., but certain portions of it 
are summarized in what follows. 

Following some introductory paragraphs in which it is noted 
that many governments, under the influences of the complexity 
of modern life, are surrendering deniocratic for absolute systems 
of government, Dean Bush observes that our government is now 
of rather extreme democratic form, and that public opinion con- 
trols its trends in large affairs; hence its governing bodies and 
executives are bound to be men sensitive to, and able to cope 
successfully with, this opinion of the public. 

However, Dean Bush continues, our government is called 
upon to decide momentous technical matters, most of which 
are so complex that they can be fully understood, if at all, only 
by experts. These questions involve finance, sociology, eco- 
nomics, and engincering. They cannot be grasped completely 
and intelligently by the general public or by the elected repre- 
sentatives of the people. How then are they to be wisely de- 
cided in a democracy? 

Standing aside from the industrial system, and yet inti- 
mately connected with it, are the great professional classes, 
of which the engineer formsa part. Whatrenders a mana mem- 
ber of this professional group is more than possession of special 
knowledge. The distinguishing characteristic, according to 
Dean Bush, is the possession of a philosophy and a point of 
view; the true criterion lies in the basis of motivation of the 
industrial. 

Dean Bush then states that there is too little respect for 
genuine scholarship in this country and says that fundamen- 
tally the influence of the professional groups depends upon the 
development of this respect; moreover the influence of the 
professional man is needed in these times. It is the govern- 
ment that most needs this influence, but at this point in this 
country we proceed haltingly. 

This brings Dean Bush to a consideration of the scheme of 
organization of professional groups in this country which he 
says ‘‘is a marvel to behold,”’ and of their lack of concern in 
public affairs. Reviewing briefly engineering and scientific 
societies and their agencies, he finds that the nearest we come to 
having a mouthpiece for engineers generally on important 
matters is in the American Engineering Council,and this, he says, 
has not the intense interest and support of the profession gener- 
ally, and its expressed opinions are to this extent ineffective. 
Reasons for this he gives. 

Three laudable ideas are involved in the matter of a central 
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engineering organization, Dean Bush asserts: (1) Further- 
ance of the interests of the profession; (2) the bringing to bear 
of the influence of the profession on public affairs; and (3) the 
giving of direct advice to government departments or agencies 
on their specific problems. 

Summarizing the first part of his address Dean Bush says: 

There is real attention being given to the professional ad- 
vancement and the technical interests of the profession. We 
have an enormously complex system of organization of scien- 
tists and engineers in this country, and yet no effective single 
central organization representing all engineers and expressing 
their viewpoint on public questions. We have an elaborate 
mechanism for bringing advice to bear on scientific and engi- 
neering problems as they arise in government, and this mecha- 
nism is not utilized to the full. 

What is to be done about it? he continues. Certainly no 
solution lies in forming one more society to join the throng. 
Integration is indicated; and since societies now exist for all the 
express purposes we have considered, a duplication of effort by a 
newcomer would simply complicate matters. Rather, the 
existing mechanism should be simplified and strengthened. 

Dean Bush discards as impracticable the possibility that an 
engineering society should take official and definite positions 
on public questions involving engineering. 

The taking of stands, he says, should be left to a body having 
that as its primary function. That body should be made up of 
men of great distinction in the profession, chosen for the pur- 
pose by the membership of the profession directly. It should 
use every legitimate means to be well known to the member- 
ship, by questionnaires, publications, and by reasonable pub- 
licity in regard to its deliberations and findings. It should be 
absolutely without fear and without prejudice. Its pro- 
nouncements should be front-page news in every corner of the 
land. It should enter into any public question involving engi- 
neering as a right and without invitation. It should not hesi- 
tate to swing public opinion by rousing the profession when 
such action is indicated. In order that it may speak with a 
single voice it should represent engineers only, of course with 
deference to the opinions of other professional groups. We do 
not have this situation today. The metamorphosis of existing 
organizations, under the guidance of public-spirited engineers, 
may bring it to pass. As it proceeds it should have the aggres- 
sive support of every engineer who has the good of his country 
at heart, whether or not he agrees with its findings in every 
respect. 

The concluding portion of Dean Bush's paper is a plea for the 
independent consulting engineer who should be supported by 
industry, by government, and by educational institutions, and 
an explanation of ways consulting engineers might be encour- 
aged to make contacts with the government and the legal pro- 
fession. His emphasis is on their maintenance of their independ- 
ence. As long as this is maintained, he says, and there is effec- 
tive guidance of affairs by an independent professional class, 
he has no fears for the tuture. A true democracy, given this 
support, can compete with dictatorship and prevail. 

The concluding paragraphs of Dean Bush's paper are worthy 
of being quoted in full. He says: 

The free operation of professional classes, motivated by 
public zeal and altruism, is an anchor upon which our democ- 
racy depends to hold it through the storm. There is a great 
obligation upon the professional man to speak clearly, to 
insist upon being heard, to maintain his independence. This 
obligation rests heavily upon engineers. 

To be a professional engineer in the true sense does not re- 
quire that we have some special set of relationships to society 
and to the organizations of which it is made up. It does re- 
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quire that the primary motivation be the acquisition of scholar- 
ship and its generous application to the needs of man. 

To be an engineer in these days is to beara proud title. Tobe 
able and willing to speak true opinions on the complex tech- 
nical affairs of the day, without prejudice and free from control, 
is a privilege that is becoming rare in the world. Insistent 
upon his prerogatives, kowtowing to no man, respected be- 
cause he speaks a truth the country needs to know, the inde- 
pendent engineer stands as an important member of the pro- 
fessional class, a strong bulwark against disaster which can 
guide our steps into the ways of pleasantness and into the paths 


of peace. 


The Competitive System 


JOURNAL OF THE FRANKLIN INSTITUTE 


Epon the petroleum industry as an example in a paper en 
titled ‘*Industrial Growth and the Competitive System,’ 
J. Howard Pew, president, Sun Oil Company, in the June, 1937, 
issue of the Journal of the Franklin Institute, reviews the rapid ex- 
pansion of the industry and the increase in the amount of known 
supplies of petroleum that has several times far outrun the esti- 
mates of geologists. The problem that this contradiction 
would have placed betore a National Planning Board is sketched 
by Mr. Pew in the following words: 

We may speculate with some interest as to what might have 
been the attitude of a National Planning Board if one had ex- 
isted, in the year 1900, toward the automobile and oil industries 
of that day. There were then about 8000 motor cars in the 
country, consuming about 3,360,000 gallons of gasoline a year. 
That would operate the motor vehicles of today about an hour 
and a half! One may imagine Henry Ford, with his vision of 
the automobile’s future, appearing before the planning board, 
to ask that in its program for the next two or three decades it 
consider providing a few billions of capital, along with the 
material and labor, for his industry. The planning authori- 
ties would have recognized Mr. Ford as a mild lunatic. The) 
would have asked where he hoped to get the gasoline to operate 
all these cars, pointing out that neither the gasoline nor petro 
leum from which to make it was anywhere in sight. So Mr 
Ford’s demands would have been rejected. A sophisticated 
public would have laughed at Ford when the planners set down 
genius as insanity and inventive capacity as lunacy—and that 
would have ended foolish talk about horseless carriages and 
flying machines. 

Fortunately, there was no planning board to head off Mr 
Ford's folly. Without bothering about where his gasoline 
would come from, he went ahead and presently was turning out 
1,000,000 cars a year. And, there being no planning board to 
interfere, the petroleum industry kept right in step, always 
meeting the demands. Spurred on by the hope of profits, it set 
about boring more holes in the search for more petroleum, and 
sometimes finding it; it tried out new areas, brought in new 
producing fields; used geology and geophysics as aids in its 
search; developed deeper drilling; built pipe lines and tank 
ships to provide cheap transportation; erected more, and big- 
ger, and increasingly complex refineries. And so, each year 
accomplishing things that a year earlier would have been im- 
possible, the oil industry kept always ahead of the thirst of 
those multiplying millions of motor cars. 

By 1925, 20,000,000 motor vehicles were calling for—and 
getting—nearly 10,000,000,000 gallons of gasoline. Public 
demand was pushing the automobile industry, and the automo- 
bile builders were urging on the petroleum industry; and all 
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were marching on together. Unfettered enterprise, initiative, 
invention, and competition were accomplishing the things that 
our hypothetical planning board of 1900 had recognized as be- 
yond the range of reason. 

Mr. Pew then outlines what the increased demand for gaso- 
line actually accomplished for the petroleum industry and the 
far-reaching effects of the development of the autcmobile indus- 
try. Continuing, he says: 

Let me repeat that these things were accomplished by the 
most competitive businesses in the country; the direct result 
of constant, unrelenting competition. The evidences of that 
competition are brought to you whenever you look at the ad- 
vertising columns of newspapers or magazines, at billboards or 
electric signs; or when you listen to the intriguing message 
with which the radio announcer points his morals and adorns 
his tale. Mass production, constantly improving methods, 
have made for continuously lower prices and wider markets. 
Profits have come from increasing volume at lower unit prices; 
from passing on to the consumer the benefit of every advance. 

There hasn't been an iota of philanthropy, an ounce of ideal- 
ism, a scintilla of unselfishness; nothing but sound business 
principles, working for profits, in an atmosphere of free enter- 
prise and unfettered competition. 

Following a brief summary of the extent and development of 
the petroleum industry which now employs more than 1,000,000 
workmen directly and, through its purchases of steel and other 
products which it consumes, more than 800,000 additional 
workers, Mr. Pew says: 

This has been the experience not only of the petroleum indus- 
try, but of all the others of the automotive group. No eco- 
nomic directing authority could possibly have foreseen, plotted, 
planned, and organized such an achievement. No trust or com- 
bination, private or governmental, could have accomplished it; 
it could only have been conceivable in virtue of wide-open in- 
vitation to all the genius, inventive capacity, organizing abil- 
ity, and managerial skill of a great people. Nobody must be 
barred, nobody's invention rejected, nobody's idea left untried. 
Everybody must have his equal chance; and under our system 
of free enterprise and equal opportunity, everybody got just 
that chance. The result is the achievement that has fairly 
made over the face of industria] America. 


Durable Goods and Depressions 


THE CLEVELAND TRUST COMPANY BUSINESS BULLETIN 


ONCERN of mechanical engineers with durable goods and 

depressions is sufficiently keen to warrant the following 
quotation from the June 15, 1937, issue of The Cleveland Trust 
Company Business Bulletin. 

An economic theory to explain the causes of depressions was 
recently expounded by the Secretary of Agriculture in a series 
of lectures at the University of North Carolina. The theory is 
in brief that corporations making large profits in a good year 
tend to spend them in the following year for expansions and 
equipment consisting of durable goods, and that by the third 
year there has resulted so great an overproduction of such 
goods that industry slows down and there is a depression. 
This doctrine is clearly important, both because depressions 
constitute our most serious economic and social problems, 
and because this appears to be an exposition of the economic 
philosophy of the national administration. 

The argument as reported in the New York Herald Tribune is 
as follows: ‘‘In the past, excess savings have resulted in the 
following year in great activity in the building of factories, the 
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extension of telephone lines, the repairing of railroad facilities, 
etc. For example there was a great increase in savings as com- 
pared with the preceding year in 1919, 1922, 1925, and 1928 
One year later, or, in other words, in the years 1920, 1923, 1926, 
and 1929, there was unusual expansion in the heavy or durable- 
goods industries. And one year later, or, in other words, in 
1921, 1924, 1927, and 1930, there was business recession.”’ 
The remedy proposed is for the government to take through 
taxation ‘‘a considerable proportion of these excess savings,” 
to prevent “‘unwise investment and harmful speculation." 

The solid line in Fig. 1 represents for all corporations the net 
income after taxation during the 26-year period from 1909 
through 1934, which are the only years for which we have com- 
plete data. The dashed line 
represents the physical vol- TTT] 1] 1] 
ume of production ofdurable wot tiitii iit tt 
goods during the same years. | | Business 
Both lines are drawn on the 
basis that the averages for 
the entire period are taken 
as being equal to 100. An 
inspection of the lines will 
show that the sequences men- 
tioned by the Secretary are 
all present. 

A more important feature 
of Fig. 1 is the clearly evi- 
dent fact that the two lines SEReRnen 
tend to move upward and PTET 
downward together. Cor- 
porations tend to have good 
profits in the years of active 
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FIG. l SAVINGS AND PRODUCTION 
(Average, 1909-1934 = 100.) 



































FIG. 2 BUSINESS INDEX COMPARED WITH DURABLE-GOODS OUTPUT 
AS PERCENTAGE OF NONDURABLE 


business when the production of goods is large. Now 
whenever business activity has expanded for two years just 
previous to a recession the sequences mentioned by the Secre- 
tary are bound to appear. Unfortunately, this does not mean 
that the causes of business depressions have been discovered. 
It simply means that business profits tend to increase in the good 
years when industrial production expands, and to decline in the 
poor years when production shrinks. 

It is a great pity that we cannot arrive with the Secretary at 
the simple conclusion that merely because the depression years 
follow the years of good profits and large production they must 
be caused by them, and that the recessions might be largely pre- 
vented by taking through taxation a considerable proportion of 
the profits in the good years. The attempt to avoid depressions 
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by preventing prosperities would probably merely result in 
perpetuating the depressions. Nevertheless business cycles do 
mainly result from wide fluctuations in the production of dur- 
able goods as explained in what follows and in Fig. 2. 

There is convincing statistical evidence that the activity 
from prosperity down to depression and back again results 
chiefly from great, wave-like variations in the volume of pro- 
duction of durable goods. The Federal Reserve authorities 
classify as durable goods those industrial products that are 
made from the lasting materials such as the metals, lumber, 
stone, clay, and glass. The nondurable goods are made from 
the shorter lived materials such as chemicals, foodstuffs, leather, 
paper, rubber, textiles, and tobacco. 

Since the durable goods may be made to last for long periods 
their replacement may easily be postponed when business pros- 
pects are not bright, and so purchases of these goods are largely 
optional. However, it is frequently impossible to postpone 
buying such goods as food, clothing, gasoline, tobacco, soap, 
and so on, and therefore the purchases of nondurable goods are 
largely obligatory. The volume of production and use of non- 
durable goods does not fluctuate greatly as between good busi- 
ness periods and hard times, while the volume of output of dur- 
able goods does vary widely. 

The volume of production of durable goods as measured by 
the Federal Reserve indexes is about 85 per cent as great as that 
of the nondurable goods. In preparing Fig. 2 the monthly 
figures of production of durable goods since 1899 were multi- 
plied throughout by a constant so as to make the sum of the 
monthly figures equal over the long period to those for non- 
durable goods. Then there were computed for all months the 
percentages that the durable-goods data were of those for non- 
durable-goods production. The result is shown in the dashed 
line which was plotted at quarterly intervals. 

The solid line shows the business activity index of the Cleve- 
land Trust Company, which is in reality an index of the volume 
of all industrial production, including mining. The fluctua- 
tions of the dashed line are wider than those of the solid one, 
but the turning points of the major swings and most of the 
minor variations are closely similar. The dashed-line index 
made by finding the percentage that the production of non- 
durable goods was of that of durable goods is by itself a fairly 
good index of business activity. 

It is noteworthy, nevertheless, that the degrees of severity of 
depressions and of excesses of booms in general business have 
not been closely related to the preceding fluctuations in the 
production of durable goods. The highest peak in the dashed 
line was in 1910, but the following depression was a mild one. 
The dashed line was never far above the 100 level during the 
prosperity from 1923 through 1929, but the following depres- 
sion was the greatest on record 


Biomechanics 


ARCHIVES OF SURGERY 


ECAUSE it was the privilege of MecHanicat ENGINEERING 

to publish a paper by Charles Murray Gratz, M.D., cover- 

ing that portion of his work in biomechanical studies of fibrous 

tissues that described his adaptation of engineering methods 

and concepts (see the issue for April, 1935, pages 217 to 220), a 

brief résumé of the completed work, appearing in the Archives of 
Surgery, for March, 1937, may be of interest. 

Doctor Gratz's paper presents the results of determinations of 

tensile strength, elasticity, and proportional limit of selected 

fibrous animal tissues and applies the findings to problems of 
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clinical surgery. Dr. Gratz says that the engineering methods 
he employed, familiar to engineers as those used in investigat- 
ing the strength of materials, combined with his histologic 
studies, showed that the physical properties of tendons and 
fasciae are comparatively similar, thus making the research and 
clinical work on surgical procedure on tendons at least partially 
applicable to those on fasciae. Fasciae are condensed connec- 
tive tissues forming sheets or layers for the investment of or- 
gans or the insertion of muscles of the body. To that range of 
the ‘stress of these materials below what engineers call the 
“proportional limit,’ Dr. Gratz has applied the term *‘physio- 
logic range of elasticity;’’ and in cases of injury, rupture of the 
tissue depends on whether or not the load exceeds this range of 
elasticity. If two persons are subjected to a similar amount of 
stress, permanent damage may be sustained by one, while the 
other may have only a trivial injury. On the basis of the engi- 
neering definition, the physiologic range of elasticity would 
have been exceeded in the first patient and not in the second 
In the first patient the tissues would have lost their power of 
recovery; in the second this power would have been unim- 
paired. The physiologic range of elasticity of bodily tissue was 
measured by Dr. Gratz and the limit was found to average 
about 7100 lb per sq in. 

Dr. Gratz found that shearing stress and injury markedly 
diminish the physical properties studied, and the findings have 
been clinically applied to devise a physiologic technic of fascial 
transplantation. Reference is made to the rdle of the fascial 
planes in the mechanics of the soft tissues of the locomotor 
apparatus, and the functional mechanics of soft structures are 
considered in relation to the réle of fascial adhesions in pain 
low in the back. Dr. Gratz pays gracious tribute to the engi- 
neers who advised him in his engineering approach to his 
studies. 


Toward the Goal of Science 


SCIENCE 


ECAUSE engineers perform the function of applying the 

discoveries of the physical sciences, at least, to the uses of 
mankind and occupy a unique position in an industrial civiliza- 
tion in respect to the impacts of science on men and their insti 
tutions, an address by F. R. Moulton, delivered before the 
Lancaster, Pa., branch of the American Association for the 
Advancement of Science and reported in the June 18, issue of 
Science has more than usual significance. Dr. Moulton spoke of 
the goal of science as an intellectual and moral world in tune 
with the uniformities which we know as ‘“‘the laws of nature.” 
That goal, he said, transcended in importance every other ob- 
jective of science, and scientists would, he hoped and believed, 
give it more and more attention. He said in part: 

In speaking of the ultimate goal of science, I do not, of course, 
think that scientists should attempt to hitch their wagon only 
to a very distant and perhaps unattainable star. There are 
many intermediate objectives worthy of their attention. For 
example, I think that scientists should very often consider 
science in the broader aspects of its effects upon human beings. 
It has sometimes been suggested that scientists should undertake 
to settle the problems of economics and sociology and govern- 
ment by the methods which they have found effective in the 
natural sciences. But it is probable that in those strange and 
wholly different fields workers in the natural sciences would be 
about as incompetent as politicians would be in a chemical 
laboratory. It would be unsafe to assume that they are masters 
of methods that are fundamentally different from those which 
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other intellectually honest men attempt to use in much more 
difficult fields. It would be even more unsafe to assume that, 
as compared with men in business and other professions, they 
are exceptionally altruistic. The only assured fact is that they 
are introducing revolutionary factors in the world and, there- 
fore, that they should feel a heavy responsibility for examining 
the results of what they are doing. With deep humility they 
should cooperate with men in other fields to discover how so- 
ciety may best use the titanic forces which they are placing at its 
command. They should do this thoughtfully and persistently 
lest that which so far has on the whole been good should even- 
tually turn out on the whole to be bad. 

In certain respects the steep trail science has been traveling in 
recent decades must soon change to a gentler slope... . Science 
is now in the rapidly growing springtime of its existence. Its 
roots are in fertile soil and its branches are rapidly pushing out 
in all directions. Instead of attempting the impossible task 
of stopping its growth for a period, it will be better to direct 
its development so that its fruit shall be good. This is why 
I am urging that scientists consider carefully the effects of what 
they are doing. 

There has often been an aloofness on the part of those who 
work in the natural sciences from the remainder of the world. 
Sometimes we have heard boasts that the results of an investiga- 
tion never could be put to a practical use. Although the rich- 
est rewards of scientific research are aesthetic, the pure joy of 
discovery, yet that fact does not justify any touch of snobbery 
on the part of scientists, for other men may get similar pure en- 
joyment out of the things they do. No one is qualified to 
say that what he does is in any way more important, except to 
himself, than what another one may be doing. There is no 
good reason for thinking that the fields of honest endeavor, 
however much they may differ otherwise, are on essentially 
different levels. 

In view of the complexities and importance of the humanities, 
they have been given too little attention. When I make this 
statement, | am not expressing any approval of immature 
theories respecting the desirability of more numerous social 
controls. On the contrary, I think that enforced restraints into 
standardized patterns will destroy our capacity for improve- 
ment. Iam thinking, rather, of investigations in psychology, 
economics, political science, social science, and related fields 
from the objective point of view adopted by biologists, for ex- 
ample. I am thinking, too, of industry as not only depending 
on many sciences, but as being in a real sense science itself. 
Science pursued in this broad sense will enrich itself and the 
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Health Protection of Welders 


METROPOLITAN LIFE INSURANCE COMPANY 


N A 28-page booklet issued by the Metropolitan Life Insur- 

ance Company, New York, N. Y., entitled ‘‘Health Protec- 
tion of Welders,’’ the possible effects of metal fumes and of 
light and heat rays on the health of welders are discussed. 

The principal hazards are listed as: (1) Electric shock and 
burns; (2) radiant energy in the forms of invisible ultraviolet 
rays, visible infrared rays, and visible light rays of excessive 
intensity; (3) gases, fumes, and dust, which include the gases 
generated by the arc or flame (such as nitrous gases, carbon 
monoxide, carbon dioxide, and fluorine), metallic oxides and 
metal and mineral dusts and fumes volatilized by heat from the 
Materials being welded or their coatings, or from the coatings 
of the electrodes in arc welding, or from the flux used (lead, 
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zinc, manganese, cadmium, phosphorus, sulphur, arsenic, 
selenium, and silicon); and (4) miscellaneous hazards, such as 
air pollution in unventilated places and injuries due to the 
worker's posture. The booklet discusses these hazards and 
makes suggestions for protection from them. 


Automatic Transmissions 


S.A.E. JOURNAL 


EVIEWING automatic transmissions—past and present, 

domestic and foreign—for automotive vehicles, P. M. 
Heldt presents in the May, 1937, issue of the §.A.E. Journal a 
number of illustrated descriptions of these devices. Trans- 
missions, says the author, may be divided into stepped and 
continuously variable types, either of which may be control- 
lable or automatic. With some stepped transmissions, gener- 
ally called ‘‘full automatic,”’ the ratio of crankshaft revolu- 
tions to propeller-shaft revolutions is always the same for 
any given car speed or engine speed, which means that the 
change from one ratio to another always occurs at the same 
car speed, leaving the driver no control. It is now generally 
admitted, says the author, that this arrangement is undesirable. 
Transmissions with which the driver has a choice of ratios at 
any point of the speed range and in which changes in ratio 
normally occur automatically are called “‘semiautomatic.”’ 

First is described the Strong reversible roller ratchet. From 
this the author proceeds to a description of the de Lavaud 
automatic transmission with wobble plate and roller ratchet 
with which it is possible to keep the engine operating at prac- 
tically full torque, regardless of the speed of the car, and the 
latest development of the ‘‘variable-throw’’ automatic trans- 
mission, known as the R.v.R. torque converter used in the 
Minerva front-drive car. 

Passing to hydraulic transmission, the author classifies two 
types, the hydrostatic and the hydrodynamic. In the former 
type the working fluid is put under pressure and set in motion 
by a pump, and the fluid moved by this pump acts on the 
pistons of a hydraulic motor. In hydrodynamic transmissions 
a fluid is set in motion by an impeller provided with blades, 
and its kinetic energy is expended on the blades of a driven 
member. Hydraulic couplings and torque converters can be 
combined with mechanical units in various ways to secure 
automatic changes of gear ratio with high efficiency of opera- 
tion under most driving conditions. The Lysholm-Smith 
hydraulic converter is illustrated and described as an example 
of this type. 

The use of inertia or centrifugal force of moving weights to 
transmit power from one shaft to another and to vary the ratio 
of the torques on the two shafts is next described, and the 
Spontan automatic transmission, with inertia weights and 
eccentrics, is illustrated. Other infinitely variable transmis- 
sions using inertia masses described by the author are the 
Constantinesco and the Hobbs. 

The author comments that considering the great technical 
talent and the large financial resources of some of the men 
who have devoted themselves to this type of transmission, 
and the meager results achieved by them to date, it does not 
appear that this principle holds out any great promise as to 
profitable applications in the automotive field. 

Next considered by the author is the self-shifting trans- 
mission with either three or four definite ratios in which the 
change from one ratio to another occurs either entirely auto- 
matically or is brought about by the operator by acting on the 
speed of the engine (by means of the accelerator) or on the 
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speed of the car (by means of the brake). Two devices exten- 
sively used are the automatic friction clutch and the over- 
running or roller clutch. After some comments on vacuum- 
controlled and centrifugally controlled clutches the author 
describes the Sturtevant, no longer on the market; the semi- 
automatic Yellow Coach transmission; the Macallen torque- 
balancing mechanism; an automatic shift for conventional 
three-speed-and-reverse transmissions invented by D. C. 
Prince and applied by him to a Plymouth car provided with a 
vacuum-operated automatic clutch and a free-wheeling unit; 
and the Tyler Unimatic Motorcar Control, comprising a three- 
speed transmission of constant-mesh type with individual 
multiple-disk clutches actuated by the inlet manifold and a 
main clutch that transmits power for all of the gears. 

Next is discussed the use of the differential gear in automatic 
transmissions with which many inventors have been concerned, 
and this leads to a consideration of the principles of an electric 
differential transmission. Following is mention of the Entz 
transmission of the Owen Magnetic car without the differential 
gear, making use of the “‘feed-back”’ principle, and of a descrip- 
tion of the Electrogear differential transmission being developed 
in this country. The article concludes with a description of 
the hydrodynamic type of differential transmission known as 
the Bendix Turbo Flywheel Gear. 


Miniature Ball Bearings 


MACHINERY (LONDON) 


Fg manufacturer of watch parts, according to Ma- 
chinery (London) for June 17, 1937, has developed and is 
manufacturing on a commercial scale ball bearings so small 
that they can be substituted for ruby, sapphire, and plain bear- 
ings in all forms of clockwork, motors, delicate machines, 
and sensitive measuring instruments. Some of these minia- 
ture bearings are produced in quantity and to standards of ex- 
treme precision in overall sizes, including the race, less than 
that of an ordinary pin head, overall dimensions actually 
ranging from 1.5 mm upward. It is said that complete bear- 
ings of only 1 mm overall diameter will soon be available. 

Tests have been made to find out the reduction in friction 
resulting from the use of the miniature ball bearings instead of 
jewels and pivots. The mean damping time for rotational 
motion in identical conditions was eight times longer than for 
plain, and 20 times longer than for tapered pivots. An oscilla- 
tion test gave similar results. Unlike plain bearings, it is said, 
these ball bearings have an extremely low coefficient of fric- 
tion and approximately the same force is required for starting 
as when running. 

When correctly mounted these bearings exhibit negligible 
wear, even after a long period of use. They withstand shock 
better than jewel bearings, which is especially important in 
aircraft instruments. 

The miniature bearings of small size contain three balls; the 
largest contain eight. It is claimed that they operate satis- 
factorily up to 10,000 rpm. They use only 15 per cent of the 
oil required for plain bearings and hence need not be lubricated 
for years 

A wide variety of engineering applications is indicated by 
the following list of types which are available or in course of 
production: Ball bearing with tapered pivot; ball bearing 
which can be dismantled by withdrawing the inner race with- 
out removing the cover; ball bearing with outer race bored for 
additional lubrication or for a shaft; reinforced ball bearing 
with large or medium bearing radius; oblique ball bearing with 
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heavy inner race; flexible and adjustable ball bearing; adjust- 
able elastic ball bearing with compensated springs. 

The standard range is said to include also ball bearings 
which can withstand radial and axial stress. These include 
bearings intended for use with spindles that are free to move 
axially into a definite position during rotation; bearings for 
cylindrical flanged pivots, and radial ball bearings with thrust 
plate. The bores of these bearings are machined to 0.0001 in 


An Infinitely Variable Gear 


FLIGHT 


FORM of hydraulically controlled mechanical torque 
converter having infinitely variable characteristics over 
almost any range has been designed by T. Watson Paterson, 
of Liverpool, and is described in the March 11, 1937, issue of 
Flight. The designer feels that the device should lend itself to 
application as a self-contained and concentric coupling in an 
aircraft propeller hub to provide a variable gear ratio. 
The mechanism, shown in Fig. 3, is basically a right- and left 
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FIG. 3 TWO SECTIONS THROUGH THE PATERSON TORQUE 


CONVERTER 


(In the upper is seen the reciprocating piston with its pins engaging 
the continuous cam groove in the outer cylinder. The lower shows 
the crossed thread on the power shaft, with its rocking nut.) 


hand (crossed) thread on the power shaft on which is recipro- 
cated a double-ended piston, the piston having inside its body a 
rocking nut which engages with the threads and travels up one 
and down the other continuously. Surrounding the piston is a 
cylinder which is free to rotate on the power shaft, but a con- 
tinuous cam groove in the cylinder wall engages with studs on 
the piston (or vice versa) so that reciprocation of the piston 
results in rotation of the cylinder. 

The overall reduction of speed between the driving shaft and 
the cylinder is, of course, a function of the pitch of the screw 
thread and of the cam groove. Thus, if the screw shaft rotates 
four times to one cycle of piston reciprocation and one piston 
cycle rotates the cylinder through half a revolution the ratio 
is 8 to 1, and so on. Of course any ratio from, say, 1'/2 to 
1 down to 30 or 40 to 1 may be selected, but whatever mechani- 
cal ratio is arranged becomes the lowest positive drive that 
will be provided and between it and a direct 1 to 1 ratio a hy- 
draulic contro] gives an infinitely variable regulation. 

This control is quite simply arranged. The double-ended 
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piston reciprocates within, and rotates, the cylinder. Ob- 
viously, if the reciprocation of the piston should be checked 
the whole assembly would be compelled to revolve as a solid 
mass at the speed of the screw driving shaft. To effect this 
impedance to piston reciprocation the spaces between the 
closed cylinder ends and the piston ends are filled with oil. 
A communicating duct is drilled through the driving shaft and 
controlled by a valve which opens or restricts both ends simul- 
taneously. With the duct fully open the reciprocation of the 
piston is not impeded, the oil being transferred idly from end 
to end and the full mechanical ‘‘gear’’ reduction between 
drive shaft and cylinder is obtained. But as the duct is re- 
stricted the impedance to piston travel results in its tending to 
revolve with the drive shaft and in turn to carry the cylinder 
with it at the same speed. 

When the duct is closed completely the piston no longer 
reciprocates because the oil cannot be displaced, and the whole 
mechanism runs solidly as a unit. Actually the device can be 
made to function automatically, because if the oil ports and 
duct are dimensioned according to the power, speed, and 
loading involved, the restriction on oil transference from end 
to end of the cylinder will vary with the piston speed. Thus 
as the loading on the propeller decreases the engine speed 
would tend to rise and with it the rate of the piston recipro- 
cation. 

Beyond a certain rate the piston would be impeded by restric- 
tion of oil flow and the propeller speed would then tend to 
rise, thereby imposing greater load on the engine, checking its 
increasing speed, and re-establishing balance between power 
and load. External control could therefore be limited to com- 
plete closure of the transfer duct when stable conditions of nor- 
mal power, speed, and load were attained. 

The mechanism, being entirely self-contained and concentric, 
should be adaptable to the hub of a propeller. Should the 
hydraulic element fail for any reason, and particularly if the 
fluid should be lost, the low gear ratios (mechanical) would 
come automatically into operation, 


Milling Speeds and Feeds 


AMERICAN MACHINIST 


ACTORS affecting milling speeds are listed by O. W. Winter 

in the May 5, 1937, issue of American Machinist as follows: 
(1) the material to be milled, (2) material of which miller is 
made, (3) depth of cut, (4) rate of feed, (5) coolant used and 
method of delivering coolant to cutter, (6) type of cutter, and 
7) nature of the cut. 

A table giving average peripheral speeds in feet per minute 
when milling various types of cast iron, steels, and common 
nonferrous metals and when using high-speed-steel cutters is 
provided by the author. Factors are also provided for use when 
cutters made of other materials are used. 

\ good coolant for milling, says Mr. Winter, must possess 
good lubricating qualities to reduce friction, particularly that 
produced in the early stages of chip formation. It must also 
possess good cooling qualities. Of even greater importance is 
the volume of coolant delivered. The copious flow of coolant 
desired should not be squirted under high pressure, and should 
be applied at the point where the cutter enters the work. Thus 
adequate chip space between cutter teeth is required. 

Deep slotting cuts demand slower cuts than shallow slab- 
milling cuts, one important factor involved being the ability to 
provide coolant at the cutting edge. 

Factors other than cutter speed that affect milling feeds are 
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(1) rigidity of setup, (2) power available, (3) finish desired, 
and (4) type of cutter used. 

Generally speaking a milling setup cannot be too rigid. 
Machine spindle and slide bearings should be fitted snugly and 
the work should be well supported with plenty of mass in the 
fixture. The arbor should be supported as near the cutters as 
possible. Friction alone should not be relied upon to drive the 
cutter; a key of hardened steel should be used. 

Quality of surface finish is affected primarily by feed per 
revolution. The number of teeth in the cutter has little effect 
on “‘revolution marks”’ left on the work. Asa general rule the 
following feeds per revolution can be used with plain helical 
and side-milling cutters to produce the finishes indicated: Fine 
finish 0.025 in., finish to be scraped 0.035 in., commercial 
finish 0.035 to 0.050 in. Face mills and shell end mills will pro- 
duce the same finishes with the following feeds per revolution 
per inch of cutter diameter: fine finish 0.030 in., finish to be 
scraped 0.035 in., commercial finish 0.040 to 0.045 in. The 
deeper the cut and the greater the number of teeth in contact 
with the work the greater the total pressure on the cutter. 
Hence a coarse-tooth cutter is usually under less total stress and 
puts less pressure on the work than does a fine-tooth cutter. 

A table is included giving values for allowable feed per tooth 
when cutting cast iron and when using a variety of types of mill- 
ing cutters. Factors for converting these values to those de- 
sirable for cutting steel, aluminum, and brass are mentioned. 

Four speed and feed charts for face and slab milling of cast 
and malleable iron and for face and slab milling of steel are a 
feature of the article. 


Sliding Metal Surfaces 


ENGINEERING 


ROM the May 28, 1937, issue of Engineering, has been 

taken the following résumé of a paper by F. P. Bowden 
and T. P. Hughes read at a meeting, in April, 1937, of the Inter- 
national Association for Testing Materials. The paper is en- 
titled ‘‘The Surface Temperature of Sliding Metals and Its In- 
fluence on Flow and Wear."’ 

Dealing with the measurement of surface temperature, the 
authors pointed out that if two different metals were allowed 
to slide over one another, their rubbing contact might be used 
as a thermocouple, and the surface temperature could be meas- 
ured. Direct experiment showed that this surface temperature 
depended upon the load and upon the speed of sliding, and 
might be remarkably high. Under many conditions of sliding, 
it was sufficiently high to cause a real melting of the metal. 
Curves were given showing the surface temperature reached by 
various metals slid over a polished steel surface, the surface 
temperature rising until it reached the melting point. Even if 
the surfaces were lubricated or flooded with water, the local 
high temperatures were still developed. The local surface tem- 
perature of metals lubricated with a good commercial lubricant 
might be over 600C, although the metals were sliding smoothly 
and appeared to be quite cool. This was an important cause of 
the breakdown of lubrication films. Wear would take place at 
the hot spots, which might weld together the surfaces seizing. 
Dealing with the influence of the relative melting point on the 
flow and wear of solids, the authors said that the processes of 
wear, surface flow, and polishing should be greatly influenced 
by the relative melting points of the sliding solids. If, for ex- 
ample,a polisher softened or melted at a lower temperature than 
the solid, it would melt and flow first and have comparatively 
little effect on the solid. Surface flow, polish, and wear readily 
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occurred if the conditions were reversed. The amount of wear 
between sliding surfaces should be influenced not so much by 
their properties at room temperature, as by their relative me- 
chanical properties at the high temperatures of sliding. 


Better Cast Iron 


IRON AGE 


N A paper entitled “‘Gray Cast Iron,’’ Sam Tour, vice- 
president, Lucius Pitkin, Inc., reviews, in Iron Age for June 
24, 1937, modern developments in this important material, with 
references to significant literature covering the subject. Im- 
provements through the years in gray cast iron are summarized 
in a table, while other tables present collateral evidence of 
similar improvements in specifications for malleable iron, steel 
castings, and nonferrous alloys. 

The first table referred to shows that in 1918 iron castings 
were divided into three types—light, medium, and heavy—and 
carries specifications for tensile strength of 18,000, 21,000, and 
24,000 Ib per sq in., respectively. By 1936, however, the gray- 
iron industry had advanced to a position where A.S.T.M. new 
tentative specifications list seven different grades of cast iron 
running from 20,000 to 60,000 Ib per sq in. tensile strength. 
Along with this advance in tensile strength have been corre- 
sponding advances in load-carrying ability as indicated by 
transverse tests. The industry also now has available high- 
test heat-treated cast iron. One of these has a tensile strength 
of 75,000 lb per sq in., 14 per cent elongation, and the othera 
strength of 107,000 lb per sq in., 2'/2 per cent elongation. 

In addition to the regular grades of nonheat-treated cast 
iron indicated in A.S.T.M. specifications there are now avail- 
able numerous other types of gray iron containing various alloy 
additions, such as nickel-chromium cast iron, molybdenum 
cast irons, and specially treated cast irons, such as Meehanite. 
Most of these special cast irons are made by processes wherein 
it is endeavored to control accurately the graphitization that 
takes place during cooling and thereby to improve the me- 
chanical properties of the metal as well as make more uniform 
the properties in thick and in thin sections of individual 
castings. 

Another worth-while development in the cast-iron field 
mentioned by Mr. Tour is that of permanent molding pioneered 
by the Holley Carburetor Co. The process is said to produce 
gray-iron castings of uniform properties on a production scale 
somewhat beyond that which could be obtained in sand-casting 
practice. 

Machinability, says Mr. Tour, is not necessarily directly 
proportional to softness of gray iron nor is its graphitic con- 
tent; most important is the condition in which combined 
carbon is present. A photomicrograph is shown of a cast iron 
containing 3.55 per cent total carbon, 0.51 combined carbon, 
2.35 silicon, 0.62 manganese, and 0.42 phosphorus. It is ex- 
plained that the structure is made up of a network of phos- 
phide eutectics embedded in a matrix of pearlite and that shot 
through the whole are numerous flakes of graphite. Pearlite 
is made up of alternate layers of soft iron known as ferrite and 
hard iron carbon compound known as cementite. This struc- 
ture of pearlite makes it possible for the cutting edge of the tool 
to travel through it without balling up on the point of the tool 
and ruining the cutting edge. It also makes it possible for the 
cutting tool to travel through the network of hard phosphide 
eutectics and break it up without damage to the tool. If in- 
stead of having this matrix in the form of pearlite it were pres- 
ent in the form of soft iron or ferrite, there would be a soft iron 
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binding material enclosing a hard and brittle phosphide eutec- 
tic. The structure would be comparable to that of a grinding 
wheel where the hard particles wear the tool. 

A second photomicrograph shows a cast iron containing 3.42 
per cent total carbon, 0.04 combined carbon, 2.17 silicon, 0.61 
manganese, and 0.30 phosphorus. Although the phosphorus 
is lower than in the previous specimen, the matrix is fer- 
rite and not pearlite, and the material rapidly wears the cutting 
tool; hence it is not a good machinable material. The main 
difference between the two materials is the amount of com- 
bined carbon present and its disposition within the iron. 
Were the combined carbon present as large particles of hard 
iron carbide, it would still be difficult to machine but as it is 
present as pearlite it becomes a readily machinable material. 


Railroad Air Conditioning 
ASSOCIATION OF AMERICAN RAILWAYS 


UPPLEMENTING the Summary Report, noted in this 

section in our April, 1937, issue, the Division of Equipment 
Research of the Association of American Railways issued in 
April, 1937, its Engineering Report on Air Conditioning of 
Railroad Passenger Cars. The engineering report is designed 
to meet the needs of the air-conditioning engineer and railroad 
operating personnel. It presents the results of laboratory 
tests of 15 air-conditioning systems, 6 drives, and 14 cars and 
of road-performance tests of 594 cars. A third report is to be 
prepared to give results from tests on air-conditioned Pullman 
cars in regular service. 

Although the engineering report is too extensive for satis- 
factory abstracting, a résumé of the findings should be helpful 
For four types of systems (ice-activated, electromechanical 
compression, steam-ejector, and direct mechanical compression), 
gross installation costs, fixed charges, operating, and mainte- 
nance costs are summarized. Test results are reported for the 
ait-conditioning equipment and drive mechanisms made by 
numerous manufacturers. 

With a 20-degree difference between outside and inside tem- 
peratures it was found that the refrigeration required to absorb 
the heat transmitted through the car structure varied from 
1.3 tons in the best insulated car to 3.1 tons in the worst insu- 
lated car in approximately still air. It is said that additional 
study of the subject of insulation is needed. Approximately 
3 tons of refrigeration is required for an average passenger Car 
to provide for (a) a heat load due to a 20-degree difference in 
outside and inside temperatures; (4) the heat load due to the 
sun; and (c) an air motion of 50 mph. 

As to methods of delivering air to the car, it was found that 
the inside center duct was most effective. In descending order 
of effectiveness other methods ranked as follows: Double 
outside duct, single outside duct, center bulkhead, and double- 
end bulkhead. 

With outside temperature of 84 F, 30 min was required to 
precool a car to 74 F; to cool to 78 F with 100 F outside re- 
quired 3 hr. Requirements for summer air conditioning as 
regards inside temperature, relative humidity, temperature 
distribution, air movement, and volume of fresh air per pas- 
senger are given. It is stated that full automatic control of 
both temperature and humidity is essential. 

Elements of the air-conditioning problem on which further 
study is said to be needed are: (1) Insulation, to determine the 
most suitable kinds, the economic limits to its use, and whether 
reductions in heat transmission can be effected by changes in car 
construction; (2) filters; (3) windows; and (4) odors. 
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Rail Motor Cars 


INTERNATIONAL RAILWAY CONGRESS ASSOCIATION 


N A statement by L. Dumas, special reporter, Section 2, 
Locomotives and Rolling Stock, summing up reports on the 
evolution of the rail motor car at the thirteenth session of the 
International Railway Congress Association, Paris, 1937, to be 
found in the June, 1937, issue of the Monthly Bulletin (English 
edition) of the Association, appears the following summary: 

Satisfactory technical solutions have been found in the 
course of the last two or three years to the speed, acceleration, 
braking, and safety problems. 

The future of the rail car now depends on the solutions that 
will be adopted as regards comfort, economical maintenance, 
and capacity. This future also depends on future improve- 
ments of the track (curves, superelevation, elimination of rail 
joints or reduction of their number), and on the adaptation of 
the operating methods to the rail motor car. 

Rail car Diesel engines can be divided into three classes: 

(a) 600- to 1800-hp engines, relatively heavy, but very eco- 
nomical as regards working and maintenance; such engines 
are used extensively in the United States of America. 

5) 300- to 600-hp engines weighing about 11 lb per hp, 
as adopted by most European railways. 

¢) 200- to 300-hp engines, among which the Czechoslo- 
vakian, German, and French horizontal engines deserve special 
mention. 


By the use of supercharging, which tends to extend, the 
weight-power ratio of engines can be reduced; improved be- 
havior of the motion and better dissipation of the lost heat 
units are also obtained. 

Mechanical transmissions are quite satisfactory, as regards 
weight, cost, and efficiency, up to 300 hp. Mechanical trans- 
missions for 450 and 500 hp are being tested in Italy and in 
France. 

Electrical transmissions are now fully perfected for all powers, 
and are preferred for services on mountain lines and for multiple- 
unit working. 

Hydraulic transmissions have made definite progress in the 
course of the last two years, in respect of all powers and engine 
speeds, in Austria and Germany. 

In order to reduce hunting movements to a minimum and to 
obtain improved comfort, railways are now currently using 
wheel tires coned 1 in 40, cylindrical tires, multiple-suspension 
gear, and rubber shock absorbers. Such devices have not given 
rise to any difficulty and their use can be recommended. 

Some administrations also use devices to damp out hunting 
movements and vertical vibrations, trucks (articulated or nor) 
with 6 or 8 wheels, loose wheels revolving about fixed axles, 
axle boxes without axle guards, etc. All these solutions have 
given them satisfaction. 

Block brakes are most generally employed at present; they are 
electrically controlled in certain countries (U.S. A., Czecho- 
slovakia) and improved by the use of Decelakrons or self-regula- 
tion in proportion to the running speed. Among new brakes, 
the disk brake, the eddy-current brake, and the N.R. brake 
with double shoes should be mentioned. 

Soundproofing and air conditioning are particularly re- 
sorted to at present in order to increase comfort. 

Steel-tired vehicles—although they cannot claim thé same 
comfort as pneumatic-tired vehicles—can be improved by 
Means of double partitions with air cushion; all openings 
should be carefully stopped up, and plates lined with pul- 


verized felting in order to avoid vibrations. 
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Air conditioning, and air cooling in summer, are particularly 
appreciated in vehicles with fixed window lights. 

Maintenance costs and amortization charges are the biggest 
items in the cost price. 

The first cost of American rail cars is high, but their main- 
tenance costs are reduced to a minimum; in Europe, the desire 
for lightness has generally led to cheaper construction, which 
entails higher maintenance costs. 

It would be desirable that the railways agree to calculate 
in a uniform way the coefficient of use of their rail cars and their 
cost price. 

Most administrations tend to increase the capacity of their 
railcars, so as to be able to substitute them for steam trains on 
an increasing scale. The question is to remain very much be- 
low the cost per mile of a train. 

As regards general design, various solutions are being re- 
sorted to; observation rail cars, twin rail cars, or single rail cars 
coupled together, rail cars hauling trailers, multiple units of 3 to 
17 vehicles. 

It would be desirable for the railway administrations to 
adopt a common test method for ascertaining the characteristic 
constants of their rail cars. On the other hand, the nominal 
power of engines should be given the same definition in all 
countries. 


Industrial Water Supplies 


INDUSTRIAL AND ENGINEERING CHEMISTRY 


MPORTANT factors relevant to practically all industrial 
water supplies are listed by Sheppard T. Powell and Hilary 
E. Bacon in an article to be found in the June, 1937, issue of 
Industrial and Engineering Chemistry. The principal factors are: 

(1) Availability and seasonal fluctuation of water from un- 
derground and surface sources. 

(2) Chemical composition and physical characteristics of all 
supplies under consideration. 

(3) Qualities revealed by microscopic and bacteriological 
analysis. 

(4) Variation in quality which may be anticipated on the 
basis of past records. 

(5) Predicted influence on water quality of domestic or in- 
dustrial waste disposal, existing or anticipated. 

(6) Water requirements of the proposed plant for processing, 
cooling, steam generation, sanitary uses, and fire protection. 

(7) Availability and cost of municipal water supply, and 
economic study of its use for any of the functions mentioned 
in comparison with a private industrial supply. 

(8) Potential future requirements for expansion. 

(9) Interrelation of various water requirements which may 
permit re-use and conservation of water. 

(10) Modification of temperature, composition, or other 
qualities of water during plant use, which may affect its subse- 
quent utility for other purposes, and the influence of these fac- 
tors on the required treatment. 

(11) Facilities for disposal of waste liquids, and jurisdiction 
of municipal, state, and federal authorities. 

Reviewing briefly water specifications for process use, the 
authors point out that microorganisms are objectionable not 
only in food, beverage, and fermentation processes but also in 
many cases where they cause slime deposits in tanks, pipe lines, 
and manufacturing equipment. Iron and manganese in very 
small amounts cause discoloration and stains on products and 
processing equipment and can rarely be disregarded if they 
are present in appreciable amounts. Hardness increases the 
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consumption of soap and detergents in washing processes, and 
the calcium and magnesium may form insoluble precipitates 
with other processing chemicals. 

For cooling water the chief considerations are said to be 
quantity, temperature, corrosiveness, and tendency to form 
deposits of mineral matter or organic slimes on the cooling 
surfaces. In boiler feedwater suspended solids must be absent, 
calcium and magnesium must be reduced as much as possible 
by softening or other means, and subsequent treatment in the 
boiler is often required to elevate the pH value and remove dis- 
solved oxygen completely; concentration of sodium sulphate 
must also be present to inhibit caustic embrittlement. Organic 
matter, oil, and other extraneous matter must be absent. 

The chief requirements for water for fire protection are a large 
potential supply and high pressure, and the water should be of 
a composition not deleterious to pipes and sprinkler lines. 
Potable and sanitary water supply is a matter of regulation by 
state and municipal health authorities, who have generally 
adopted the standards of the United States Public Health 
Service. 

Treatment facilities for the preparation of process and boiler 
feedwater are discussed in general terms by the authors, who 
conclude their article with a brief consideration of liquid- 
waste disposal in plant layout. It is said that some undesirable 
constituents may be removed from liquid wastes by precipita- 
tion, coagulation, settling, and filtration, while others may be 
neutralized. In some cases there is no solution except the 
evaporation of water and the disposal of the waste material in 
concentrated form. 


Keeping Moisture Out of Wood 


MODERN PLASTICS 


EANS of treating the external surfaces of wood to reduce 

the swelling and shrinking caused by addition or loss of 
moisture in the cell structure are well known, but a treatment 
of the wood to cut down its affinity for moisture would per- 
manently reduce this absorption and make possible cutting, 
nailing, and abrasion without loss of moisture-excluding ef- 
ficiency. Such a treatment is under development at the Forest 
Products Laboratory of the Forest Service, U. S. Department 
of Agriculture, maintained at Madison, Wis., in cooperation 
with the University of Wisconsin, and is described in the April, 
1937, issue of Modern Plastics by Alfred J. Stamm, senior 
chemist of the laboratory. 

The wood is treated with a mixture of phenol and formalde- 
hyde, together with a catalyst dissolved either in water or wood 
alcohol. In case the wood is green the treatment consists in 
soaking the wood in the solution at room temperature suf- 
ficiently long for the solution to diffuse into the entire fine struc- 
ture of the wood, or, in the case of air-dried wood (4 to 15 per 
cent moisture), the diffusion part of the treatment can be ad- 
vantageously preceded by an impregnation of the coarse capil- 
lary structure by placing the wood in a treating cylinder, 
evacuating, running the solution into the cylinder so as to 
completely immerse the wood, and then applying a pressure. 
This preliminary treatment is advantageous only in the event 
the lengths of the wood specimens in the fiber direction are not 
great and the species are among those easily treated, as the 
penetration of-the solution is almost entirely in the fiber 
direction. 

The phenol-formaldehyde solution has a great affinity for 
wood, as is shown by the fact that the wood swells more in it 
than in water alone. After standing in the solution a suf- 
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ficient time to allow the resin-forming solution to diffuse into 
the cell walls, the wood is slowly dried so that further diffusion 
of the resin-forming materials into the cell walls accompanies 
the removal of solvent. The wood is then cured at about the 
boiling point of water. This heat-treatment causes the phenol 
and the formaldehyde to react to form a resin which is water- 
insoluble. The moisture-excluding efficiency obtained appears 
to be permanent and the wood can be cut and nailed without 
affecting the efficiency. The moisture-excluding efficiency 
increases with the concentration of phenol and formaldehyde 
used up to a maximum value of about 70 per cent for a single 
treatment. This efficiency can be somewhat increased by 
multiple treatments. The necessary amount of resin formed 
in the structure to give a moisture-excluding efficiency of 70 
per cent will vary with the species and density of the wood 
from about 30 to 50 per cent of the weight of the wood 
Efficiencies as high as 50 per cent have been obtained with as 
little as 15 per cent increase in the weight of the wood. 

Not only are the swelling and shrinking of wood permanently 
reduced by this treatment but the mechanical properties are 
improved as well. The hardness and the compressive strength 
at the proportional limit perpendicular to the grain are in 
creased considerably. Maple containing about 20 per cent of 
its weight of resin gave increases of over 50 per cent in each of 
these properties. Compressive strength parallel to the grain is 
increased somewhat less, and static bending properties and 
toughness are not affected. 

Gluing tests showed that the treated wood can be satis- 
factorily glued with animal or casein glues. Excellent results 
were obtained with bakelite glues, using the hot-press, but 
not the cold-press, technique. Plywood glued with phenol- 
resin film or with casein glue was successfully treated with the 
synthetic resin without affecting the glue joints. 

The present limitations of this process are the size of speci- 
men and species that can be treated and the cost of treatment. 
Not all woods can be successfully treated because of the dif- 
ficulty of getting the treating material distributed throughout 
the structure. A number of softwoods, the sapwood of a 
number of hardwoods, and the heartwood of the softer hard- 
woods have been successfully treated in specimens 14 to 4 by 1 
in. in size. The largest specimen successfully treated to date 
is 30 in. long by 5 by Sin. Larger specimens of the more read- 
ily treated species could undoubtedly be treated but the treat- 
ment would take prohibitive lengths of time. 

On the basis of the complete treatment of the wood the cost 
would be about 40 cents per board foot. This figure is at least 
ten times the cost that could economically be added to millwork 
to minimize the dimension changes. Even at present costs the 
treatment might, however, be economically applied to such 
specialties as lithograph backings, shoe lasts, shuttles, wood 
bearings, small handles, and athletic goods. 

As the cost of the treating process is mostly that of chemicals, 
there are possibilities of cutting costs by further reducing the 
amount of chemical needed. Although attempts are now being 
made to do this, theoretical considerations indicate that the 
probability of going far in this direction is small. In this age ot 
synthetic resins it is quite possible that the cost of the raw 
materials will be further considerably reduced. Then, too, 
there is the possibility of treating only the outer 1/16 to */s in 
of large specimens. However, this eliminates the advantages 
of the process over other surface coatings. 

The process is thus of practical value at the present time onl) 
in specialty fields. Research along these lines is being con- 
tinued at the Forest Products Laboratory. With the aid of fun- 
damental information and background gained to date, it is hoped 
that further efforts will yield results of more widespread use 
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Railway Lubricants 


To Tie Epiror: 


As stated by Mr. Hunter,! interchange 
of cars has made lubrication a problem 
common to all railroads. Standardiza- 
tion and adoption of a suitable grade of 
an all-year lubricating oil and a strict 
compliance with A.A.R. instructions 
regarding the periodical repacking and 
care of journal boxes and their contained 
parts by all railroads and private car 
owners are needed to reduce hotbox 
trouble. These cover preparation of 
packing, both new and renovated, the 
manner in which it should be placed in 
the journal boxes, and the quantity that 
should be used. They also set forth 
and describe conditions requiring re- 
newal of journal bearings, wedges, and 
dust guards or collars. Since the adop- 
tion of these instructions, considerable 
progress has been made in reducing hot- 
box troubles. Further improvement, 
however, is possible and can be accom- 
plished only by stricter compliance 
with instructions by all who are con- 
cerned. 

Inexperienced journal-box packers, or 
those who have not been properly in- 
structed, in most cases will put too 
much packing in the boxes, which pre- 
vents proper radiation and increases the 
menace of waste grabs. Frequent trim- 
ming and replacement of packing, espe- 
cially in cold weather, is necessary to 
prevent hotboxes, and better results can 
thus be obtained than by the use of free 
oil only. To put free oil in a box does 
not do much, if any, good, if the packing 
is not in proper contact with the entire 
length of journal. In the protracted 
cold weather of last winter, we had to 
fesort to extensive use of the packing 
iron before we had any success in reducing 
the hotbox trouble. To obtain best 
results in the application of free oil to 
journal boxes, it must be placed at the 
back of the box. This can be accom- 
plished by inserting the spout of the 
Oilcan in the box as far as possible and 
then placing oil along the up-turn side, 
if known, of the journal for its entire 
length. Placing oil in the front of the 
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box does little, if any, good and is really 
a waste of both time and material. 


S. D. Heywarp.? 


To THE Epiror: 


Mr. Hunter's remarks concerning im- 
purities entrained in superheated steam 
and their detrimental effect on proper 
cylinder lubrication should be of especial 
interest to all in any way responsible for 
locomotive operation and maintenance. 
These impurities result from the carry- 
over, into the superheater units, of water 
containing high concentrations of sedi- 
ment, scale, and other impurities, which 
either are deposited there when the 
water is evaporated, or are swept along 
into the throttle and cylinders. This 
water carry-over can generally be divided 
into two Classes: 

(1) Occurring during short intervals 
of foaming, when almost solid water is 
lifted into the standpipe. 

(2) Entrained during normal boiler 
performance, where from one to as high 
as five or ten per cent of moisture may 
be carried along in the steam, during 
periods of intensified steam liberation 
above the crown sheet, into the rather 
limited steam space of a modern loco- 
motive boiler. 

Foaming can be prevented only by 
proper instruction of train crews, water 
treatment, and blowdown, and _ con- 
siderable advance is continually being 
made in this. However, almost all the 
impurities carried into the steam by the 
second cause can be removed by install- 
ing an inexpensive, but efficient, form of 
moisture separator or steam drier, which 
is capable of returning over ninety per 
cent of the entrained water to the 
boiler, even when as much as twenty 
per cent of moisture is contained in the 
steam. Such a drier is of simple light- 
weight, construction, embodying no 
moving parts, and is located in the 
dome on top of the dry-pipe elbow. 
This device will not only help to solve 
the lubrication difficulties mentioned but 
also will result in decreased superheater 
maintenance and greater fuel economy, 
as realized from better lubrication and 
higher superheat, obtained in relieving 
the units of the burden of evaporating 
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the moisture that would otherwise enter 
the elements. Thus, the separator will 
aid materially in removing the cause of 
poor cylinder lubrication rather than 
diminish the effect, thereby supple- 
menting the work of the oil companies 
in developing higher-grade lubricants. 


P. D. Brancuarp.? 


To THE Epirtor: 


Mr. Hunter stresses one point that we 
ought to support, the development of 
standard specifications for locomotive 
valve oil and greases. Practically no 
difference in their service requirements 
will be found on locomotives of various 
railroads, and having standard specifica- 
tions developed and used by all railroads 
for these lubricants would certainly be 
of value. 

His remarks on car lubrication are 
particularly interesting. Viscosity is 
the important feature of a car-oil speci- 
fication and must be given first con- 
sideration. However, this oil should 
not have too high a pour point, and, 
while Mr. Hunter discounts the im- 
portance of pour point, the inference is 
that it should be around zero. I can- 
not reconcile the A.A.R. specification for 
new car oil which requires the maximum 
of 20 deg for summer oil and 0 for winter 
and all-year car oil and yet permits a 
pour point of 45 F for reclaimed oil. 
Using an oil that had a pour point as 
high as 45 deg would be impossible in 
this country in winter, unless the car 
oiler carried an electric heater. 


W. A. Pownatt.4 


To THe Epitor: 


Mr. Hunter lists among the major 
contributing factors for hot boxes: 
‘Waste grab due to viscosity or tenacious 
character of the oil at low temperature.”’ 
Mention should be made of waste grabs 
that occur with great frequency in 
summer. In most discussions of car- 
journal lubrication, below-zero tempera- 
tures are frequently stressed and, in the 
past few years, much consideration has 


® Western service manager, Superheater 
Company, Chicago, Ill. Mem. A.S.M.E. 

“Mechanical engineer, Wabash Railway 
Company, Decatur, IIl. 
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been given to low pour point for car oils. 
Review of the records of hotbox failures 
on a great number of railroads shows 
that the best performance is in extremely 
cold weather. The greater number of 
hotboxes occurs in the so-called summer 
months. Many lubricating engineers 
and railroad officials seem to overlook 
this fact and confine their studies and 
observations to extremely low tempera- 
tures 

The purpose of summer and winter 
oils for car-journal lubrication, particu- 
larly in freight cars, is nullified because 
their use and is not, con- 
trolled. Journal boxes are packed in the 
expectation that they will not require 
repacking for twelve or fifteen months. 
Therefore, cars that have journal boxes 
packed when summer oil is used must 
run through the winter and cars packed 
with winter oil must likewise run 
through the summer. Our records of 
hotboxes in winter do not indicate that 
cars of southern ownership, in which 


cannot be, 


only one kind of oil is used, give any 
particular trouble. I am not particu- 
larly acquainted with performance rec- 
ords of northern owned cars operating in 
southern territory, but do not know that 
any complaint of their performance has 
been made. 

The car-journal lubrication problem 
has many aspects and is the subject of 
considerable study. Excluding foreign 
matter from journal- 
bearing design, and methods for feeding 
oil to the journals are being studied. 
Of prime importance is development of 
an all-year car oil suitable for seasonal 
and climatic conditions, and education 
of car owners to its advantages. 


journal boxes, 


G. W. Ditrmort 


To THe Eprror: 

Standardization of lubricants used for 
railroad equipment is particularly neces- 
that 
conditioning, Diesel equipment, roller 


sary now the introduction of air 
bearings, and other new devices have so 
greatly increased the total number used 
on a single road. The author stresses 
the need for cooperation between the 
technical men on the railroads and the 
oil companies. We should go a step 
farther and bring the locomotive and 
equipment manufacturers into the con- 
ference 

Many of the devices for applying 
lubricants to locomotives are of such a 
nature that the best lubricants cannot 


always be applied. We should not only 


® Master car builder, The Delaware and 
Hudson Railroad Corporation, Albany, N. Y 


standardize on the best possible lubri- 
cant for each purpose but also the device 
for applying it should be brought to the 
maximum efficiency. The A.A.R. made 
a great step toward standardization when 
it appointed a director of research. It 
is to be hoped that Mr. Wallace will be 
able to coordinate the work that is being 
done both by the consumers and manu- 
facturers of lubricants. 

An all-year car oil must have sufficient 
film strength to carry the heaviest load in 
hot weather, which includes breaking in 
new axles and bearings, and also must 
not roll waste or cause waste grabs at 
temperatures as low as —5O F. Getting 
film strength for summer work was easy, 
but handling the winter situation and 
finding an oil with a high film strength 
which would function properly in ex- 
treme cold was more difficult. Much 
discussion has taken place as to the 
qualities in an oil which will cause 
waste-rolling. Some authors felt that 
pour test was the criterion; others that 
the extrapolated viscosities as calculated 
by the A.S.T.M. chart would indicate 
the waste-rolling tendencies of the oil. 
Experimental work has now shown that 
neither pour test nor calculated viscosity 
is a criterion. Some oils will roll waste 
at a calculated viscosity of 200,000, while 
others with a calculated viscosity of 
1,000,000, will not. The author states 
that he hopes that oils of this character 
will be tried out next year. Several 
major roads in the coldest part of the 
Northwest have used all-year car oils 
for the last several years and, during the 
most severe weather conditions of last 
winter experienced practically no trouble 
from waste rolling, although using the 
same oil as in summer. 


M. C. Van Gunpy.® 


To THE Eprror: 
locomotive lubrication 
must necessarily bring out the important 
item of driving-journal lubricants. At 
the inception of rail transportation, 
when a Cwenty-ton locomotive was con- 
sidered a wonderful mechanical achieve- 
ment, lubrication 


Discussion of 


was easily accom- 
plished by using waste packing in the 
driving-journal cellars with an occa- 
sional free oiling of the packing. Jour- 
nal load was not a problem of efficient 
locomotive operation. The age of the 
small, light power was short lived. No 
sooner had the industrial world begun 
appreciating the fact that railroads were 
vital to the needs of the country, than 


® Technician, The Texas Company, Houston, 


Tex. 
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the demand arose that larger, heavier, 
and faster locomotives be developed 
In the course of this development, natu- 
rally journal loads became a salient point 
in efficient operation. The old method 
with waste packing was found to be 
inadequate for meeting the requirement 
for lubricating driving journals bearing 
tremendous weight, and it became ob- 
vious that, unless a better and more 
reliable method was forthcoming, the 
lubrication of locomotive driving jour- 
nals would seriously retard rapid han- 
dling of traffic. 

Developing a dependable and eco- 
nomical lubricant became necessary, and 
the response of the oil companies to this 
demand was the journal compound now 
universally used where fast, heavy loco- 
motives are operating. This compound 
is a mechanical mixture, the chief con- 
stituent of which is cylinder stock, and, 
together with other ingredients, it forms 
a viscous bearing-lubricating substance 
that varies in hardness with the require 
ments imposed by climatic conditions, 
high speed, and heavy journal loads 
Its nature is such that it readily attracts 
foreign matter, sand, boiler 
scale, and similar substances, to which 
it is exposed while a locomotive is being 
serviced in enginehouses and over pits 
where boilers are washed, sanders tested 
out, and driving cellars repacked. Care- 
less and indifferent handling of journal 
compound will result in the hazard of 
bearings overheating and causing trouble 
on the road as well as the expense of 
turning and polishing the journals should 
they become cut by foreign matter in the 
journal compound. 

After the compound is removed from 
the journal, it must be placed where it is 
not exposed to any foreign matter until 


such as 


it is transported to the reclaiming plant 
If hand reclaiming of the compound is 
necessary, a substantial loss will occur 
because much of the compound to be 
reclaimed is cut away in removing this 
foreign matter. 

Appreciating that savings could be 
made if the compound were handled 
cleanly and carefully while being placed 
in or removed from a driving-journal 
cellar, the Texas and Pacific Railway 
Company made exhaustive tests and care- 
ful study to develop an efficient method 
of handling and reclaiming. Finally 
through the efforts of the supervisors at 
Lancaster, Tex., shop, a machine was 
developed which not only separates for- 
eign matter from used compound but also 
thoroughly mixes new compound before 
it is used. This consists primarily of 
a 12 X 18-in. brake cylinder securely 
mounted vertically on a heavily con- 
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structed steel table. From nonpressure 
end of this brake cylinder, a piston with 
an auxiliary piston head secured to the 
bottom end protrudes. This head is six 
in. in diameter and fits snugly into steel 
cups, the bottoms of which are perfo- 
rated with numerous */¢-in. holes. 

When the compound is poured into 
molds at the refinery, the cylinder stock 
tends to coagulate in drops throughout 
the mass. To obtain uniform lubrica- 
tion throughout the cake with which 
the driving cellar is to be packed, this 
coagulation must be broken up and a 
homogeneous mixture made of the mass. 
The pressure exerted to push new com- 
pound through the perforated cups of the 
machine effects an almost perfect dis- 
tribution of the cylinder stock through- 
out the entire mass. Cleaning reclaimed 
compound is accomplished in the same 
manner. Foreign matter larger than 
*/¢4 in. remains in the cup which must 
be cleaned from time to time. The 
quantity of foreign matter that remains 
in the bottom of these cups after used 
compound has been passed through the 
perforations is surprising in spite of the 
most careful handling of the compound 
after it has been removed from the driving 
cellar. 

After cleaning or mixing of the com- 
pound has been completed, the steel 
cups are removed and replaced by molds 
that conform approximately to the 
diameter of the journal for which the 
cake of grease is to be used and form a 
bevel on the bottom of the cake about 
1 in. from each edge and extending the 
entire length. This beveling is designed 
to prevent the grease from being pressed 
against the sides of the cellar by the 
action of the follower plate after the 
compound has reached running tempera- 
ture. The mold is filled with compound, 
the perforated grease container is placed 
on top, and pressure applied. When the 
molds are removed, the cakes of grease 
are ready for application to the journal, 
having been compressed into an almost 
solid mass with some of the material 
forced through the perforations in the 
container plate. This feature eliminates 
the necessity for priming the face of rhe 
plate that is exposed to the journal with 
grease before applying it in the cellar. 
After having been molded into shape, the 
cake is taken to the packing table for 
wrapping. Each cake is identified on 
the wrapper as either new or reclaimed 
compound. 

All journal compound used on the 
system will be pressed into the perforated 
plates at Lancaster shop and distributed 
from there to various points on the 
system. When renewing compound in 


a driving-journal cellar becomes neces- 
sary, the mass will be removed with 
perforated plate and shipped to Lancaster 
for reclaiming, cleaning, and handling. 
Handling used journal compound effects 
savings of approximately fifty per cent 
and, in addition to the financial saving, 
the almost entire elimination of over- 
heated driving journals has resulted. It 
is safe to say that the process is without 
doubt the most efficient known for 
handling the driving-journal compound 
as there is practically no waste whatever 
in this system of handling. 

This method of handling journal com- 
pound has been in effect about three years, 
and records show that, aside from saving 
approximately 50 per cent on reclaimed 
compound, overheated driving journals 
are practically eliminated, and, should a 
driving journal become cut or overheated 
and interfere with operation, the trouble 
is known to be mechanical and not due to 
the lubricant. 

J. D. Crype.’ 


To THE Epiror: 


As a mechanical officer, who has re- 
ceived frequent demands for explanation 
of cause and responsibility for hot driving 
boxes, I have endeavored to develop an 
oil-lubricated journal box. In doing so, 
I realized the importance and necessity 
for some form of oil-sealing arrangement 
to be applied at both journal-box ends 
on inside journals, and on the hub side 
of outside journals to prevent endwise 
leakage with rotation of the journal. 
The next item of importance was some 
form of oil-conveying arrangement to be 
applied in the oil reservoir. This fea- 
ture was worked out by the application 
of four ball bearings journaled in pairs 
and especially fitted in upright or pro- 
truding pedestals with coil springs under 
each effecting contact with the journal 
and rotating with it. The driving box 
was designed so that the oil reservoir 
came in direct contact with the crown 
bearing and was held in position by 
supports anchored to the leg of the box 
and adjusted taut with the crown bear- 
ing. Each end of the reservoir is 
equipped with a recess, and each end of 
the crown bearing is grooved in perfect 
alignment with those in the end of the 
reservoir. In this three- 
section oil-retaining ring moves, is 
held in position on the journal by a 

is-in. garter spring, and rotates with it. 
Its duty is collecting oil moving in an 
endwise direction and depositing it in 
the oil reservoir, the oil-retaining ring 


groove, a 


7 General locomotive foreman, The Texas & 
Pacific Railway Company, Fort Worth, Tex. 
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moving on the journal when the driving 
box is in lateral motion. 

Two driving boxes of this design were 
applied to one of our Pacific-type passen- 
ger locomotives with an axle load of 
58,700 Ib, a journal diameter of 10!/, in. 
and a length of 13 in. on May 17, 1933, 
and were in continuous service until 
June 13, 1934, with a mileage record of 
72,472 miles. When this locomotive 
was shopped in June, 1934, the trailer 
wheels were similarly equipped. Since 
placed in service on Oct. 31, 1934, this 
locomotive had run 63,680 miles on 
May 1, 1936, without any difficulty or 
delay of any kind and without the neces- 
sity of taking up lateral wear. 


J. N. Brus.® 


Flow in Fan Volutes 


To THE Eprror: 


In connection with the recent paper by 
Binder and Knapp,° the following sum- 
mary of work on experimental verifica- 
tion of basic assumptions in the design of 
volutes of centrifugal fans, by V. 
Polikovsky and G. Abramovitch, engi- 
neers of the Central Aero Hydrodynamical 
Institute, U.S.S.R., should be of interest: 

An experimental verification was ob- 
tained of the basic assumptions usually 
made in the design of a volute casing for 
a centrifugal fan. The checking con- 
sisted in the measurement of velocity dis- 
tributions in several sections of two 
volute casings. Each casing was of con- 
stant breadth (along a line parallel to the 
axis of rotation). 

For each fan, at each section the ve- 
locity measurements were made at differ- 
ent capacities or discharges. The range 
was from the lowest to the highest fan 
capacity. An analysis of the velocity 
measurements led to the following con- 
clusions: 

1 At normal fan discharge, corre- 
sponding to the case when the measured 
discharge is almost equal to the discharge 
as calculated from theoretical considera- 
tions of the casing contours,a symmetrical 
velocity distribution at each casing sec- 
tion was found, as well as a uniform ve- 
locity distribution around the circumfer- 
ence or periphery of the runner. 

At normal fan capacity, the discharge 
of air into the casing starts where the in- 
volute curve extended intersects the pe- 
riphery of the runner. 

8 Master mechanic, The Texas & Pacific 
Railway Company, Big Spring, Tex. 

***Experimental Determinations of the 
Flow Characteristics in the Volutes of Cen- 
trifugal Pumps,’’ by R. C. Binder and R. T. 


Knapp, Trans. A.S.M.E., vol. 58, 1936, pp. 
649-661. 











628 


2 At fan discharges below normal, 
only a part of the runner does useful 
work. There are two possibilities: (2) 
Part of the runner periphery is discharg- 
ing no air into the volute or casing; or 
(4) at some part of the runner periphery 
there is a reverse flow of air, that is, air 
flows toward the axis of rotation. 

In that part of the wheel periphery 
which is doing useful work (in that area 
where the air is being delivered to the 
casing), the specific capacity, or volu- 
metric efficiency, is the same as in the 
case of a fan operating at normal ca- 
pacity. 

As the fan capacity is lowered, the use- 
ful area of discharge is reduced, while the 
efficiency of the remaining useful dis- 
charge is the same as at normal capacity. 

3 At capacities below normal, there is 
a closed circulation of air in the casing, 
and the circulation increases as the fan 
discharge decreases. 

4 At capacities above normal, most of 
the runner continues to operate as effi- 
ciently as the whole runner does at nor- 
mal capacity. The increase in capacity is 
obtained chiefly by an increase in work 
at the volute tongue, that is, in that 
region where the casing meets the dis- 
charge nozzle. 

5 The losses in the casing are not fric- 
tion losses. 

6 In each of the different sections of 
the casing, the measured tangential-ve- 
locity components did not follow the law 
of constant angular momentum. If it is 
assumed that a ‘‘free vortex"’ exists in the 
volute, the angular momentum will be 
constant, and the product RC will be con- 
stant, where R is the radius to some point 
in the volute, and C is the tangential 
velocity at that point. A “‘free vortex”’ 
then states that the tangential velocity 
should decrease as the radius is increased. 
Instead of this, the measurements showed 
an almost constant value for the tangen- 
tial-velocity component. 

From the analysis of these velocity 
measurements, it is possible to make cer- 
tain conclusions regarding the design of 
volute casings. Some of the factors to be 
brought out are (a) the desirability of 
increasing the periphery of the casing 
with a corresponding decrease in the 
angle of divergence, and (4) the effect of 
increasing or decreasing the capacity on 
the head losses in volute casings. 

However, the main value of this in- 
vestigation does not lie in these practica] 
recommendations. The main value lies in 
giving a general idea of the flow condi- 
tions in a volute casing, and these meas- 
ured results show a rather poor agree- 
ment with the assumptions usually made, 
especially for discharges differing con- 


siderably from normal capacities. These 
experiments should also aid in predicting 
the general effect (or trend) of changing 
some feature of a volute design. 

The complete effect of a new volute- 
casing design will be possible only after 
a thorough study has been made of the 
internal flow conditions through the 
whole fan. This can be done by using 
both visual and quantitative experimen- 
tal methods. 

A. Nexrassov.?° 


Computation of Pipe-Line 
Discharge 


To THe Epiror: 


Trial-and-error and graphical-interpo- 
lation methods for computing pipe-line 
discharge from friction loss were never 
necessary. The scheme presented by 
Ed S. Smith, Jr.,1! is ingenious but un- 
necessarily complicated. 

Early workers in the field of pipe flow 
appreciated that flux and pressure gra- 
dient are two sides of the same coin, 
since they used for water both 


Sm C +/DG/E....... [1] 
and 


G = fES?/D......... [2] 


in which, S is average speed, or flux over 
area; D, pipe diameter; G, pressure 
gradient; E, density; C of Equation [1] 
is a flow coefficient; and f of Equation 
[2] a friction factor. 

It was soon found that C and f are not 
constant, and many systems of esti- 
mating them grew up. Reynolds, how- 
ever, introduced a unifying concept in 
the form 


D°EG/V? = A[DES/V]"... .[3] 
in which V is the viscosity, and A and 
nm are constants. 

Solving Equation [3] for G and then 
comparing the solution with Equation 
[2] is simple; the result is 


. DES \""* ES? 2 
G=A vy D Sais 
and 
DES \" * ie 
f =A ai tg eee LD] 


Experimental evidence available before 
1914 supported Equation [5]; in that 
year, Stanton and Pannell showed that 
Equation [5] did not hold throughout 
the range of their experiments. 


10 Vice-President, Central Aero-Hydrody- 
namical Institute, Moscow, U.S.S.R. 

11 ‘Direct Computation of Pipe-Line Dis- 
charge,"’ by Ed S. Smith, Jr., Mecuanica 
ENGINEERING, May, 1937, p. 375. 
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Although Equation [5] represents 
experiment only for values of DES/V, 
since called the Reynolds number, of less 
than 100,000, a generalized form 


DES 


eneecms 6 


f = function of 


was found to hold, and the plot of fric- 
tion factor against Reynolds’ number has 
become familiar to most engineers. 

If nothing other than the friction 
factor-Reynolds’ number plot were avail- 
able, trial-and-error or graphical-inter 
polation would be necessary to com 
pute flux from pressure gradient. But 
Equation [3] can be generalized as well 
as Equation [5], and it can be written 

DES ; 
—— = function of — 
v Vv? 
Equation [7] can be solved for S, and the 
solution compared with Equation [1] 
leading to 
_ 
C = function of thorn 

Vy? 

With such a plot available, direct com 
putation of pipe-line discharge can be 
made very simply. In 1932 Drew, Koo, 
and McAdams!* published a plot of 
Equation [8] and mentioned that it could 
be used for eliminating trial-and-error 
methods in computing flux from pressure 
gradient, although they did not stress 
either the plot or its use. The writer! 
has shown how Equation [8] results from 
dimensional reasoning applied to the 
problem of determining the flow rate 
from the pressure gradient and has em 
phasized that plots can be discarded, 
since a simple formula is obtained 


M = 1.11(D°EG)'? x 
D*EG 
V2 


logio — (0.50 }.. ) 


in which M is the mass flow rate. Equa- 
tion [9] must be used with consistent 
units, but it may be transformed with 
change of constants for use with any set 
of units and solved directly for flux or 
average speed. For example, oil-line 
flow rates can be computed with 


B = 4.06 | - x 
S 


1/» 


d*sI 
logio = a 4.35 oe ear ode l( 


12 **Friction Factor for Clean Round Pipes,” 
by T. B. Drew, E. C. Koo, and W. H. Mc- 
Adams, Transactions of American Institute of 
Chemical Engineers, vol. 28, 1932, pp. 56-72 

13 **Pluid Flow in Clean, Round, Straight 
Pipe,”’ part 1, by B. Miller, Transactions o! 
American Institute of Chemical Engineers, 
vol. 32, 1936, pp. 1-6. 
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in which B denotes flux, bbl per day; 
d, pipe diameter, in.; I, pressure gradient, 
lb per sq in. per mile; s, oil specific 
gravity (water = 1); and Z, oil viscosity, 
centipoises. 


BENJAMIN Mi cter.?* 


To THe Eprror: 


Mr. Miller's comments on Ed S. 
Smith, Jr.'s, letter, ‘Direct Computation 
of Pipe-Line Discharge,"’ can be proved 
not to comprehend the whole range of 
pipe friction. Formulation of the fric- 
tion formulas, as outlined by Mr. Miller, 
has been done many times by Stanton 
and Pannell, Lees, von KAarmin, and 
others. However, I agree that, for the 
present at least, Mr. Smith's use of 
graph methods is more desirable for the 
general practitioner who has to deal 
with more than one kind of pipe. 

The paper by Dr. Emory Kemler™ and 
my own,!® which was a sequel to his 
work, clearly show that friction can be 
formulated closely for each roughness of 
pipe and for limited ranges of Reynolds’ 
number, but in no case, including the 
smooth pipe, is a single formulation apt 
to be exact. Of course, the smooth-pipe 
friction line, first accurately developed 
by Stanton and Pannell and later checked 
by Saph and Schoder and Jakob by other 
experimental work, has been represented 
closely in various formulations, but 
unfortunately this line does not represent 
all the pipes. In fact, it represents rela- 
tively few of them. Probably, the 
reason Mr. Miller finds formulation 
simpler than graphical plotting is that he 
appears to be working chiefly in oil 
pipe lines which are, as a rule, 8 in. in 
diameter or larger, or perhaps in natural- 
gas lines which are much larger again, 
and all these pipes, ordinarily built of 
steel, fall practically in the smooth-pipe 
class. However, those interested in 
industrial work may be dealing with pipe 
lines down to 1/s in. inside diameter, may 
be working with small-size galvanized 
pipe, or, perhaps, figuring loss in riveted 
flues or brick ducts. 

From inspection of the curves in my 
paper,'* it is obvious that a single formula- 
tion cannot cover this ground. For ex- 


ample, we have successfully applied the 
charts in my paper to calculations of flow 
in an oil system of an automobile engine, 


sss, ities Service Company, Inc., New York, 
N.Y 
“A Study of the Data on the Flow of 

Fluids in Pipes,’ by Emory Kemler, Trans. 
A.S.M.E., vol. 55, 1933, paper HYD-55-2 

* “The Flow of Fluids in Closed Conduits,”’ 
byR.].S Pigott, MecHANICAL ENGINEERING, 
August, 1933, pp. 497-501 and 515 


in which none of the pipes is larger than 
3/, in. inside diameter, and the flow 
changes from turbulent to viscous when 
it finally reaches the bearings. Results 
computed by graphical methods checked 
within 10 per cent of test results, which 
under the circumstances may be con- 
sidered very good. For such purposes, 
Mr. Miller's single formulation based 
on smooth pipe would, of course, be 
without value. The pipe liner, either 
in oil or natural gas, can ordinarily use 
this formulation conveniently but, for 
most of the other computations, includ- 
ing those involved in power stations or a 
chemical establishment, the graphical 
method is still the most useful and con- 
venient. 
R. J. S. Picorr.” 


To THe Epiror: 


Are not trial-and-error and graphical 
interpolation methods a lesser evil than 
the inflexible and approximate formulas, 
whether exponential or logarithmic, sup- 
ported by B. Miller? The latter alterna- 
tive was not considered even noteworthy 
by the writer, whose occasional use of 
such formulas from 1920 on has led him 
to adopt graphical methods completely 
as uniquely covering the entire field of 
flow with a truly simple square, or 
square-root, formula and a simple graph 

There is a serious question as to the 
wisdom of discarding a plot in favor of 
even a simple formula, i.e., one not in- 
volving high and fractional powers and 
logarithmic terms, since the Reynolds- 
number plot takes proper account of both 
turbulent and viscous laminar flows and 
their intervening discontinuity, while a 
formula is good only for turbulent flow 


7 Gulf Research & Development Co., Pitts- 
burgh, Pa. Mem. A.S.M.E. 
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and must be bolstered up by a separate 
calculation of the Reynolds number, 
using either the actual or “‘theoretical’’ 
velocity, to tell whether such formula or 
Poiseuille’s formula applies. It seems 
far less complicated to use a graph and a 
simple universal formula than to require 
several formulas and then have to deter- 
mine which formula applies. 

The fact that Mr. Miller has called the 
attention of mechanical engineers to 
references from the field of chemical engi- 
neering amply justifies the writer's pub 
lication of his plot that permits direct 
computation of either discharge or pipe 
friction as desired. An even superior 
skewed graph has appeared recently." 
Data conventionally plotted on this 
graph can be used to obtain directly the 
flow or friction respectively using the 
skewed or rectangular ordinates, an ad- 
vantage not found in either of the refer- 
ences of Miller. 

The operator of Miller's Equation [8] 
is to be found in the Instruments refer- 
ence in the writer's earlier letter. Inci- 
dentally, Miller's comment that the 
authors of his first reference ‘did not 
stress either the plot or its use’’ is not 
supported by the quotation concluding 
its context: 

“Since the expression for the abscissa 
does not contain the velocity, this type 
of chart permits the solution, without 
trial and error, of the flow problem which 
requires the rate of discharge through a 
pipe of known diameter with a given 
pressure drop.”’ 


Ep S. Smit, Jr.!* 


‘8 ‘*Fluid Measurement and Control,’’ by 
Ed S. Smith, Jr., Chem. & Met. Engg., vol. 44, 
no. 5, May, 1937, pp.*278-282 (see Fig. 5 on 
Pp 28( 

19 Hydraulic engineer, C.J. Tagliabue Mfg 
Co., Brooklyn, N. Y. Mem. A.S.M.E. 
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REVIEWS OF BOOKS 


And Notes on Books Received in the Engineering Societies Library 


Invention and the Law 


INVENTION AND THE 
Aubrey Toulmin, Jr., 
New York, 1936. 
$5 


Law By Harry 
Prentice-Hall, Inc., 
Cloth 6 X 9 in., 399 pp., 


Reviewep By H. H. SNeEturNG! 


HILE the author hopes that his 

“volume will be of service to the 
bench and bar and to that portion of the 
public which has to deal with patentable 
invention’ it is feared no ordinary me- 
chanical engineer could safely follow 
many of the various statements laid 
down because the author has expressed 
these mere tendencies as if they were rules 
of law. Practically all patent lawyers 
would naturally take these expressions in 
exactly the manner intended but an engi- 
neer would surely be confused to read on 
page 263: ‘‘Change in proportion does not 
constitute invention, because a change in 
proportions is primarily a matter of 
mechanical skill or engineering talent,”’ 
for the true rule is as given on a distant 
page: ‘‘Change of Proportions. Propor- 
tions and their selection may constitute 
invention where the difference between 
failure and success lies in the proportion 
selected.”’ 

Likewise, the engineer would be led 
astray by the sentence on page 76: ‘The 
law encourages sufficient delay on the 
part of the inventor, before he makes his 
disclosure, for him to determine that his 
invention is workable.’ Every patent 
lawyer knows that this frequently re- 
peated thought is not really true because 
the burden of proof of showing that a de- 
vice will work is rarely placed on the in- 
ventor, but an the contrary, both in the 
Patent Office and in the courts only the 
most convincing argument that the de- 
vice will not work will be accepted from 
an antagonist 

It is also to be regretted that some de- 
cisions which are never followed on cer- 
tain points should be given undue promi- 
nence; for example, nine of the ten 
federal circuit courts of appeals have de- 
nied the strict rule of Pickering vs. 
McCullough, 104 U. S. 310, ‘In a patent- 
able combination of old elements, all the 
constituents must so enter into it as that 


1 Snelling & Hendricks, Washington, D. C. 
Mem. A.S.M.E. 


each qualifies every other;"’ yet this par 
ticular wording is quoted three times, on 
pages 103, 106, and 253, without a hint 
that the rule laid down is no longer good 
law. 

At the opening of chapter 4 we are 
much disappointed to have the first cita- 
tion not only useless, since it conveys no 
information except that a patent was 
held void for lack of invention without 
telling why, but inaccurate as well for 
the alleged citation is but a syllabus and 
is not within the decision. How much 
better it would have been to cite the 
actual words: “‘if patentability existed 
at all, it must depend upon the truss rod 
support or the adjustable stay rods . 
To provide such supports would be but a 
step obvious to any skilled mechanic.”’ 
It would also have been better to have 
omitted reference to the earlier patent 
which was merely held not infringed 

The first chapter gives the *‘Back- 
ground of Invention’’ and it is felt sure 
this chapter will be found both interest- 
ing and informative. The second chap- 
ter, ‘‘Characteristics of Invention,’’ in- 
troduces the specific subject and deals 
with essential questions of invention. It 
is disconcerting to read that as soon as an 
invention is reduced to practice it ‘‘has 
all the attributes of a property right’ 
(page 89), because this reviewer has very 
different ideas on the subject which seem 
well-supported by the Supreme Court 
citation on the very next page: ‘Until 
the patent is issued there is no property 
right in it’’ (the invention) .. . ‘Until 
then there is no power over its use, which 
is one of the elements of a right of prop- 
erty in anything capable of ownership.” 

The third and fourth chapters, each 
nearly a third of the book, treat “‘What 
Is Invention’’ and ‘‘What Is Not Inven- 
tion,”’ giving well-selected excerpts from 
decisions of appellate courts supple- 
mented by helpful comments of the 
author. The fifth chapter “‘The British 
Rule,’ like the bibliography, would 
hardly be of value to an engineer, but 
would be of interest to the bench and 
bar. 

The book is well-printed, nicely 
bound, and most moderate in price, 
hence it will be found in the library of 
most patent lawyers who will undoubt 
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edly find it a convenient manual for their 
use when ‘‘determining the various per 
plexing problems concerning what is and 
what is not patentable invention.”’ 


Marketin g 


Outiines oF Marketinc. By H. E. Ag- 
new, R. B. Jenkins, and J. C. Drury. Mc- 
Graw-Hill Book Co., Inc., New York, N. Y.., 
1936. Cloth, 6 X 9in., 324 pp., $2.75 

EsseNTIALS OF Distrisution. By P. D 
Converse. Prentice-Hall, Inc., New York 
N. Y., 1936. Cloth, 6 X 8 in., 588 pp., $2.80 

TRAFFIC AND TraDe. By J. Paver and M 
McClintock. McGraw-Hill Book Co., Inc., 
New York, N. Y., 1935. Cloth, 9 X 12 in., 
137 pp., $4.50. 

ADVERTISING: THEORY AND Practice. By 
C. H. Sandage. Business Publications, Inc., 
Chicago, Ill., 1936. Cloth, 6 X 9 in., 618 pp., 
$4. 


? 


ADVERTISING Copy. By G. B. Hotchkiss 
Harper and Bros., New York, N. Y., 1936 
Cloth, 6 X 8!/2in., 432 pp., $4. 

FUNDAMENTALS OF INDUSTRIAL MARKETING 
By R. F. Elder. McGraw-Hill Book Co., 
Inc., New York, N. Y., 1935. Cloth, 6 X 9 
in., 317 pp., $3. 

MarketTING INDusTRIAL EQUIPMENT. By 
B. Lester McGraw-Hill Book Co., Inc., 
New York, N. Y., 1935. Cloth, 6 X 9 in., 
307 pp., $3.50 

PACKAGING, PACKING, AND SHIPPING. Edited 
by J. O. Rice. American Management As- 
sociation, New York, N. Y., 1936. Cloth, 
8! 2 Xx 11! 21in , 237 pp., $7 50 


REVIEWED By E. Ditton SmiTH” 


NE of the greatest problems of mod- 

ern industry is not how to make 
people buy what has already been made 
but how to manufacture what people 
will wantto buy. For the manufacturer, 
this means elimination of indiscriminate 
mass output of products that differ from 
the numerous others on the market only 
in size, shape, or color of package or 
in numerous other details. The prime 
requisite of the business that desires to 
progress and grow in this modern era 
is a survey of marketing both on the 
economic and mental side. 

‘‘Marketing consists of those business 
activities involved in the flow of goods 
and services from the point of produc 
tion to the point of consumption.”’ Ag 
new, Jenkins, and Drury present this 


2 Professor of mechanical engineering, Col- 
lege of the City of New York, N. Y. Also 
Economic adviser to A.S.M.E. Management 
Division. Jun. A.S.M.E. 
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subject from the consumers’ economic 
viewpoint with a slight description of 
the psychological factors that make 
consumers buy; the first attempt of the 
economist to admit the psychological ap- 
proach to distribution is given in this 
work, but, unfortunately, without so 
identifying and fully crediting the ap- 
proach. Other works of this series have 
also confined their attention mainly to 
the economic viewpoint instead of in- 
cluding the behaviorist’s mental analy- 
sis. This simply means that economics 
of price is secondary to quality and 
artistic acceptance of the product, pro- 
vided the price is within the price class. 
Agnew covers the fundamentals of the 
subject with a wealth of visual, factual, 
and descriptive material. 

For the engineer who wishes to begin 
the study of distribution and for those 
engaged in business who want a com 
prehensive view of the field of distribu- 
tion, Converse has condensed and sim- 
plified the principles of market distribu- 
tion into its essential elements. This 
work treats distribution costs, dis- 
tribution functions, distribution of se- 
lected commodities, operations of various 
types of middlemen, and principles of 
merchandising, salesmanship, sales man- 
agement, and advertising. Each subject 
is discussed briefly. 

An introduction to the analysis of the 
relationship between the daily habitual 
movement of people and their trade ac- 
tivities in markets is given by Paver 
and McClintock. Although this work 
is of great interest to an understanding 
of buying power and traffic in regard to 
trade problems, it is essentially academic 
in its treatment and lacks organization 
in its presentation of the wealth of in- 
formation collected. It will be of inter- 
est only to those concerned with traffic 
control and some specialized phases of 
distribution. 

Once the product is satisfactory to the 
producer, its advertisement is essential 
to sales. Outstanding in the treatment 
of the theory and practice of advertising 
is Sandage’s book. He has taken the 
viewpoint of a few progressive adver- 
tising agencies who regard advertise- 
Ments essentially as units rather than 
as a collection of separate elements. 
When the advertisement has been de- 
signed and set up, it ceases to be a col- 
lection of parts and becomes an entity 
with a specific purpose. Its effective- 
ness can be measured only in what it 
does as a whole, not how good its parts 
are. This is the concern of Hotchkiss’ 
able and lucid treatment. The sales 
resulting from an advertisement are due 
to all the elements in it, all acting to- 


gether as a unit. Thus, regarding ad- 
vertisements as entities will greatly 
simplify our thinking. These works 
look toward the psychology of adver- 
tising and of individual differences as a 
means that might measure the relative 
effectivensss of any specific copy. 

Distribution of capital goods is the 
concern of the books by Elder and Lester. 
These two books can be discussed to- 
gether; however, the former is slightly 
more academic than the latter, if that 
distinction can be made. Lester's book 
is the result of his experience with West- 
inghouse and the University of Pitts- 
burgh. Principles of distributing dur- 
able goods of an engineering nature from 
the manufacturer to the ultimate user are 
presented in elaborate detail that will be 
easily grasped by the engineer concerned 
with this problem. For the first time 
a logical sequence of thought and action 
in an analysis of the product to be sold, 
market to be met, and methods and or- 
ganization required in the distribution of 
durable goods has been presented in sharp 
relief in both of these industrial-market- 
ing books. The reader will have to go 
to the books themselves to appreciate 
their learning, their acute reasoning, 
and their incisive comment. 

Just five short years ago, the American 
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Management Association sponsored the 
art and science of container design as it 
affects merchandising, namely, packag- 
ing. Timely and highly appropriate 
as the most significant publication in 
management this year is this collection 
of 42 worth-while articles that have 
withstood the test of time and were 
presented at six annual conferences. 
Over fourscore illustrations of packages 
winning the Association’s competition 
for distinctive merit in packaging are 
analyzed. Irwin D. Wolf trophy win- 
ners for 1932-1936, together with honor- 
able mentions, are not to be missed by 
any industrialist. The most cogent 
reason why one must study this tren- 
chant publication is that, once the prod- 
uct leaves the factory, it reaches the con- 
sumer at the critical moment—the point 
of sale—where its fate hinges largely on 
the interrelationship of three factors; 
the psychological behavior of the cus- 
tomer, a salesperson considerably less 
expert than the store buyer who was 
psychologically motivated to buy the 
product, and the package. Properly 
used, ideas presented in this masterpiece 
will reduce marketing costs and increase 
profits; this is the theme of all properly 
conducted phases and aspects of market- 
ing research. 


Books Received in Library 


Exectric Power Devetopment in the 
U.S.S.R., edited by U.S.S.R. Committee for 
International Scientific and Technical Confer- 
ences, Krzizhanovsky Power Institute of the 
Academy of Sciences of the U.S.S.R. Lawrence 
& Wishart, Lrd., London, 1936. Cloth,6 9 
in., 496 pp., illus., diagrams, charts, maps, 
tables, $3. This volume was prepared for 
the Third World Power Conference in Wash- 
ington by the members of the scientific staff 
of the Krzizhanovsky Power Institute of the 
Academy of Sciences of the U.S.S.R. It is 
an exposition of the principal technical and 
economic problems of electrical development 
in the Soviet Union, and of the plans for 
meeting them. Much information is given 
upon the engineering principles applied in the 
design of steam and hydraulic electric plants, 
transmission systems, etc. 


ENGINEERING THERMODYNAMICS. By N. C. 
Ebaugh. D. Van Nostrand Co., New York, 
1937. Cloth, 6 X 9 in., 208 pp., illus., 
diagrams, charts, tables, $2.85. A textbook 
covering the elementary essentials of the 
science of thermodynamics as it applies to 
modern industry. The various chapters treat 
fluid states, energy equations, gas and vapor 
properties and mixtures, vapor power, internal- 
combustion and refrigeration cycles, entropy, 
and gas compression. An appendix contains 
answers to chapter exercises, steam tables, 
and a psychrometric chart. 


Farm MacuHinery AND EqQuipMent. By 
H. P. Smith. Second edition. McGraw-Hill 
Book Co., New York and London, 1937. 
Cloth, 6 X 9 in., 460 pp., illus., diagrams, 


charts, tables, $3.25. This edition is greatly 
revised as a result of the rapid progress in the 
mechanization of agriculture. A brief dis- 
cussion of fundamental mechanics and ma- 
terials of construction is followed by a de- 
scription of farm-machine elements. The 
main part of the book covers the design, con- 
struction, operation, and efficiency of various 
types of farm machinery, from plows to me- 
chanical cotton harvesters and terracing ma- 
chinery. 


First Course 1N StratisticAL Metuop. By 
G.I. Gavett. Second edition. McGraw-Hill 
Book Co., New York and London, 1937. 
Cloth, 6 X 9 in., 400 pp., diagrams, charts, 
tables, $3.50. A textbook for use as a founda- 
tion course in ‘‘Statistical Method"’ for all 
the various fields in which the mathematical 
representation of facts is desirable. Only 
fundamental material is considered from which 
a student can proceed in any desired direction. 
Several appendixes present simple, brief ex- 
planations of such basic mathematical manipu- 
lations as are necessary to follow the text. 


Frurp Mecuanics. By R. A. Dodge and 
M. J. Thompson. McGraw-Hill Book Co., 
New York and London, 1937. Cloth, 6 & 9 
in., 495 pp., illus., diagrams, charts, tables, 
$4. An elementary textbook covering the 
field of fluid mechanics. Planned and de- 
veloped in accordance with recent trends in 
engineering education, the book offers a 
treatment of the fundamental principles com- 
mon to hydrostatics, hydraulics, hydrome- 
chanics, and aerodynamics. There are many 
illustrative examples and problems. 
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FREEHAND AND Perspective DrawinGc. By 
H. E. Everett and W. H. Lawrence. Ameri- 
can Technical Society, Chicago, 1937. Cloth, 
6 X 9in., 72 pp., illus, diagrams, $1.50. This 
book is divided into two sections. The one 
on freehand drawing covers materials and 
tools with simple exercises and plates to be 
copied illustrating their use. The section 
on perspective covers rules, planes of pro- 
jection, and various perspective diagrams 
including examples and problems. 


Gear CuttinG Practice. By F. H. Colvin 
and F. A. Stanley. McGraw-Hill Book Co., 
New York and London, 1937. Cloth, 6 x 9 
in., 344 pp., illus., diagrams, charts, tables, 
$3. A practical manual of exact, descriptive 
data on all aspects of gear-cutting practice 
Shows how to handle all kinds of gear jobs 
by modern methods. Describes spur gears 
and circular cutters, helical and herringbone 
gears, bevel gears, worms and worm gears, 
and internal gears; gives all the essential 
information on cutting, finishing, use of 
coolants and lubricants, burnishing, shaving, 
lapping, grinding, etc. 


Gray Cast Iron, General Manufacture, 
Structural Metallurgy and Engineering and 
Physical Properties. By J. W. Bolton. 


Penton Publishing Co., Cleveland, Ohio, 
1937. Cloth, 6 X 9 in., 383 pp., illus., 
diagrams, charts, tables, $5.15. Intended to 
present, to both the nontechnically trained 
reader and the research worker, the basic 
metallurgical principles involved in the manu- 
facture of gray iron to modern engineering 
specifications. The material covers all perti- 
nent subjects from raw materials to corrosion 
problems. Bibliographical references are 
scattered through the text. 


Great Britain, DEPARTMENT OF SCIENTIFIC 
AND [NpustRIAL Resgarcn. Report for 1935- 
1936. His Majesty’s Stationery Office, Lon- 
don, 1937. Paper, 6 X 10 in., 195 pp., tables 
(obtainable from British Library of Informa- 
tion, 270 Madison Ave., New York, $0.95). 
This report affords a comprehensive summary 
of the work carried on during the year in the 
various establishments of the department. 
Each report includes a list of articles published 
as a result of the investigations. A summary 
of the work of other British research institu- 
tions is also presented, so that the book forms 
a convenient review of all scientific and indus- 
trial research in Great Britain. Useful appen- 
dixes give the membership of the department 
committees, the addresses of its establishments, 
the addresses and directors of other research 
institutions, of publications by the recipients 
of grants for research, and of the departmental 
publications. 


How to Be a Goop Forreman. By C 
Reitell. Ronald Press Co., New York, 1937 
Cloth, 5 X 8 in., 186 pp., diagrams, charts, 
tables, $1.50. The material in this book is 
divided into three sections which cover the 
essentials that go to make up good foremen: 
mastery of the human elements (leadership), 
a grasp of ‘technical requirements (technical 
skill), and knowledge and use of costs and 
budgetary controls (business ability 


INTERNATIONAL ASSOCIATION FOR TESTING 
Mareriats, International Congress, London, 
April 19-24, 1937. Advance Proofs of Papers, 
Groups A-D. International Association for 
Testing Materials, 28 Victoria St., London, 
S.W.1, 1937. Group A, 174 pp.; Group B, 
159 pp.; Group C, 106 pp.; Group D, 71 pp. 


Julius Springer, Berlin, 1937. 


Paper, 7 X 11 in., illus., diagrams, charts, 
tables. These pamphlets contain advance 
proofs of the papers submitted at the London 
Congress of the Association in April, 1937. 
The subjects discussed include the effect of 
temperature upon the behavior of metals, the 
progress of metallography, light metals and 
their alloys, the workability and wear of 
metals, cement and reinforced concrete, natural 
stone, ceramic materials, textiles, wood cellu- 
lose, timber preservation, the aging of organic 
materials, colors and varnishes, the relation 
between the results of laboratory tests and be- 
havior in use, the bearing of recent advances in 
physics and chemistry on the knowledge of 
materials, and the properties of materials for 
the thermal and acoustic insulation of build- 
ings. 


INtRopucTION To MoperN THERMODY- 
NAMICAL Principces. By A. R. Ubbelohde. 
Clarendon Press, Oxford, England: Oxford 
University Press, New York, 1937. Cloth, 
6 X 9in., 131 pp., diagrams, tables, $3. This 
book provides an introduction to the prin- 
ciples on which modern thermodynamics is 
based, centering round the use and evaluation 
of thermodynamic functions such as entropy 
and free energy. Special methods and ad- 
vanced applications in the modern field are 
considered. 


JourNaL or THE RoyAt TECHNICAL COLLEGE. 
Vol. 4, Part 1, Jan., 1937. Royal Technical Col- 
lege, Glasgow. Paper, 7 X 10 in., 212 pp 
illus., diagrams, charts, tables, 10s 6d. This 
number of the research bulletin of the College 
contains a number of papers of engineering inter- 
est. Among them are: Tension and notched-bar 
tests on an alloy steel; liquid films between 
seized surfaces; viscous flow under surface ten- 
sion forces. The binary system FeO-Al,O;; 
the identification of nonmetallic inclusions in 
steel; axial bending stresses in thin cylindrical 
shells with flat and spherical ends; model 
split flap airfoil—comparison with full- 
scale; principle of change speed in — 
gearing; stress distribution in irregular sec- 
tions using photoelastic models; the sensi- 
tivity of the Schering bridge network; the 
commutation period in grid-controlled mer- 
cury-arc rectifiers; experiments on the wetting 
of mine dusts; regulators in mine ventilation; 
effect of length on the effective horsepower of 
ships. 


Grundlagen fiir 
By H. Neuber. 
Paper, 6 X 10 
in., 160 pp., diagrams, charts, tables, 15 rm. 
This publication concerning a ‘‘notch-stress- 
gage’’ is devoted to the problem of precise 
determination of strength and stresses in 
structural parts. 


KEeRBSPANNUNGSLEHRE, 
genaue Spannungsrechnung. 


Korrosion VI. Bericht iiber die Korro- 


sionstagung 1936 am 22 Oktober, 1936 
Kéln. V.D.I. Verlag, Berlin, 1937. Paper, 
6 X 8in., 61 pp., illus., diagrams, 5 rm. The 


proceedings of the 1936 conference on corro- 
sion, organized by various German engineer- 
ing and chemical societies, are presented. 
Grouped around the central theme, the pre- 
vention of corrosion by structural precau- 
tions, are seven papers, discussing possible 
precautions in railroad equipment, automotive 
vehicles, chemical apparatus, gas mains, 
rope, steel structures, and ships. 


Law ror ENGINEERS AND Arcuitects. By 
L. P. Simpson and E. R. Dillavou. Second 
edition. West Publishing Co., St. Paul, 


MECHANICAL ENGINEERING 


Minn., 1937. Cloth, 6 X 9 in., 692 pp., $4.50. 
Text and case material stating and illustrating 
the fundamental principles of law in those 
branches which bear most directly upon the 
engineering profession. In mas. the 
law of contracts has been treated at great 
length. Standard contract forms are illus- 
trated in an appendix. 


Man IN A Cuemicat Worzp, the Service of 
Chemical Industry. By A. C. Morrison 
Chas. Scribner's Sons, New York and London, 
1937. Cloth, 7 X 9 in., 292 pp., illus., dia- 
grams, charts, tables, $3. An account of the 
activities of chemical industry in converting 
the discoveries of science into day-by-day 
necessities. Various fields of activity are 
considered and the part played by chemistry 
in their development is demonstrated. Better- 
ment of existing materials, creation of new 
ones, and the replacement of scarce or waning 
natural resources with synthetic substitutes 
are examples. 


MITTEILUNGEN AUS DEN FoRSCHUNGSANSTAL- 
TEN Guu-Konzern, Bd. 5, Heft 3, April, 1937 
pp. 53-74. V.D.I. Verlag, Berlin. Paper, 
8 X 12 in., diagrams, charts, tables, 2 rm 
Current number of the publication of a German 
research organization, containing two articles, 
one on the packing density of fine coal, and 
the other on a new precision regulator with 
a high speed range. 


Motor AND Controt AppLICcATIONS. By 
G. H. Hall. McGraw-Hill Book Co., New 
York, 1937. Cloth, 6 X 9 in., 259 pp., illus., 
diagrams, charts, tables, $3. Information 
for the machine designer, to assist in the 
selection of electrical equipment. The first 
chapter takes up briefly the determination of 
machine requirements. The succeeding chap- 
ters present the characteristics of various types 
of motors and the performances that may be 
secured from them by the selection of suitable 
control. The final chapter presents data and 
dimensions of motors as standardized by the 


National Electrical Manufacturers Associa- 
tion. 
Nationat Puaysicat Lasoratory Report 


for the Year 1936. Great Britain, Depart- 
ment of Scientific and Industrial Research 
His Majesty's Stationery Office, London, 1937 
Paper, 6 X 10 in., 144 pp., tables. (Ob- 
tainable from British Library of Information, 
270 Madison Ave., New York, $0.80.) Con- 
tains a résumé of the research work done in 
1936 in the following departments: Physics, 
electricity, radio, metrology, engineering, 
metallurgy, aerodynamics, and the William 
Froude laboratory. Also included is general 
information as to the staff, buildings, etc., 
and a list of reports and papers published in 
1936. 


Pascat, the Life of Genius. By M. Bishop 
Reynal & Hitchcock, New York, 1936 
Cloth, 6 X 10 in., 398 pp., illus., diagrams, 
cloth, $3.50. A scholarly, annotated biog- 
raphy of a man whose life had many 10- 
terests and contacts. The author has de- 
parted from the ordinary chronological treat- 
ment, except for certain general information, 
and has divided his material according to the 
various phases of Pascal's activities. An 
intelligent handling of a complex personality 


REFRIGERATION ENGINgERING. By H. J 
Macintire. John Wiley & Sons, New York, 
1937. Cloth, 6 X 9 in., 415 pp., illus., dia- 
grams, charts, tables, $4.50. The expanded 
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field of refrigeration engineering has been 
treated here from the fundamentals to the 
numerous special adaptations. Assuming a 
knowledge of thermodynamics, the early 
chapters cover refrigerants and refrigerating 
cycles, heat transfer, and fluid flow. After 
consideration of general systems and me- 
chanical parts the refrigerating machines are 
discussed, including operation and testing. 
There are also chapters on air conditioning, 
cold storage, ice manufacture, and other 
applications. 


RELATIVITY THEORY OF Protons AND ELEc- 
trons. By Sir A. S. Eddington. Macmillan 
Co., New York; University Press, Cambridge, 
England, 1936. Cloth, 7 X 11 in., 336 pp., 
tables, $5.50. A companion volume to his 
‘Mathematical Theory of Relativity,’’ the 
central problem being to ascertain the condi- 
tions which fix the amount of mass and electric 
charge carried by protons and electrons. The 
object has been to secure harmonization, not 
unification, of relativity and quantum theory, 
in order to combine the two conceptions in 
the solution of specific problems outside the 
range of either alone. 


S.A.E. Hanpsoox, 1937 edition Society 
of Automotive Engineers, New York. Cloth, 
6 X 9 in., 774 pp., illus., diagrams, charts, 
tables, $5 to non-members ($2.50 to members ). 
This annual handbook contains the specifica- 
tions covering parts and fittings, materials, 
and small hardware in the automotive field, 
which have been set up by the S.A.E. It 
also covers standard tests, ratings, and codes. 
Section 8 is devoted to nomenclature and 
definitions. Information as to prices and 
method of securing the various standards is 


included 


Science Museum, London. Handbook of 
the Collections Illustrating Time Measure- 
MENT. Part 2, Descriptive Catalogue, by 
F. A. B. Ward. His Majesty's Stationery 
Office, London, 1937. Paper, 6 X 10 in, 
93 pp., illus., diagrams. (Obtainable from 
British Library of Information, 270 Madison 
Ave., New York, $0.65.) A descriptive 
catalog of the objects in the remarkable col- 
lection exhibited in the Time Measurement 
Section of the British Science Museum. The 
items are arranged chronologically within 
various groups, and are accompanied by 
illustrations in some cases. 


StrENGTH OF Marteriats. By A. P. Poor- 
man. Third edition. McGraw-Hill Book 
Co., New York and London, 1937. Cloth, 
6 X 9 in., 314 pp., diagrams, charts, tables, 
$3. This standard textbook covers the field 
of elementary strength of materials. It 
includes stresses and strains in general, riveted 
and welded joints, torsion of shafts, stresses 
and deflections of beams of various types, 
column formulas, and resilience. Illustrative 
problems and useful tables are given in order 


to show ‘oo applications of the theories 
dey clopec 


Tecuniguz or MarxketiNnG Resgarcu. Pre- 
pared by the Committee on Marketing Re- 
search Technique of the American Marketing 
Society. McGraw-Hill Book Co., New York, 
1937. Cloth, 6 X 9 in., 432 pp., illus., dia- 
gtams, charts, tables, $4. A comprehensive 
feview of methods for investigating the 
problems that arise in connection with market- 
ing policies, salability of products, markets, 
selling, etc. The purpose is to supply the 
needs of business men and students with a 


technique through which these problems can 
be approached scientifically. 


TestiNG oF INTERNAL ComBusTION ENGINES. 
By S. J. Young and R. W. J. Pryer. D. Van 
Nostrand Co., New York, 1937. Cloth, 
6 X 9 in., 200 pp., illus., diagrams, charts, 
tables, $3.25. A description of tests and test- 
ing methods, explaining just what is to be 
found out in each test, the equipment and 
setup requisite for the experiment, and the 
actual procedure and recording of results. 
Some of the headings covered are: Engine 
timing, brake horsepower tests, fuel con- 
sumption, indicator tests, and heat losses. 


Toot Steet Simpririep. By F. R. Palmer. 
Carpenter Steel Co., Reading, Pa., 1937. 
Cloth, 6 X 9 in., 316 pp., illus., diagrams, 
charts, tables, $3.50. The purpose of this 
book is to place in the hands of toolmakers 
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the type of knowledge possessed by the tool- 
steel expert. The four parts cover funda- 
mentals, selection of right tool steel, proper- 
ties, heat-treatment and testing, and ‘‘things 
worth knowing.” The ‘‘matched set’’ 
method of selection is illustrated by the use 
of Carpenter Steel Company products and 
trade names. 


VALUATION OF Property. Two volumes. 
By J. C. Bonbright. McGraw-Hill Book Co., 
New York and London, 1937. Cloth, 6 X 
9 in., 1271 pp., $12. A presentation of the 
results of a research in legal and economic 
theories of property valuation. Vol. 1 covers 
concepts ate ue, methods of valuation, and 
valuation for specific legal purposes. Vol. 
2 covers various specific cases of valuation 
under certain rules, tax restrictions, and other 
legal considerations. It also includes both 
a case index and a subject index. 











LECTRICITY plays an important part in 

three phases of transportation; trunk- 
line electrification, Diesel-electric trains and 
locomotives, and urban streetcar and rapid- 
transit systems. These applications are dis- 
cussed at some length in the paper ‘*Modern 
Electric Units in Transportation,’’ and out- 
standing examples are cited. Advantages of 
the three units available for long-haul opera- 
tion, steam locomotives, complete electrifica- 
tion, and Diesel-electric motive power, are 
presented together with their disadvantages, 
and the author, H. L. ANpREws, points out 
that every problem must be studied separately 
because, in many cases, operating conditions 
may govern the final selection which involves 
the old problem of balancing increased fixed 
charges on additional capital involved against 
economies of operation. Data on the number 
of passengers that can be handled per hour by 
various transportation units and the compara- 
tive cost per route mile are included. 

Mr. Andrews was graduated from the Uni- 
versity of Missouri in 1910 with the degree of 
B.S. in electrical engineering and has been in 
the employ of the General Electric Company 
ever since. After two years in the testing de- 
partment, he was transferred to the railway- 
motor department and, in 1916, to the railway- 
engineering department. From 1917 to 1925, 
Mr. Andrews was in charge of car equipment 
and was then appointed assistant engineer in 
administrative charge of the department. In 
1929, he was promoted to engineer and as- 
sumed the responsibility for general commer- 
cial matters in the transportation field. Mr. 
Andrews was elected vice-president in charge 
of the activities connected with steam-railroad 
electrification in 1934, and, more recently, his 
duties were enlarged to include all transporta- 
tion activities of the company. 


WEAR ANALYZED QUALITATIVELY 


Greater knowledge of the surface-fatigue 
characteristics of materials will prove valuable 


in studying the dynamics of many types of 
mechanism and measuring the actual intensity 
of the dynamic loads existing there, according 
to Earce BuckinGuam, author of “Qualitative 
Analysis of Wear,’’ which is the first in a series 
of progress reports dealing with recent work of 
the A.S.M.E. Special Research Committee on 
the Strength of Gear Teeth. Six types of gear- 
tooth wear are discussed briefly, and the report 
points out that the problem is complicated by 
the interaction of different materials upon each 
other and also stresses the importance and uses 
of endurance limits of materials. 

The author is professor of mechanical 
engineering at the Massachusetts Institute of 
Technology. During the World War, he was 
chief gage inspector for the Canadian Car & 
Foundry Co., chief inspector on fuse subcon- 
tracts for the Eddystone Ammunitions Com- 
pany, and assistant equipment engineer with 
the Winchester Repeating Arms Company. 
From 1919 to 1925, Mr. Buckingham was engi- 
neer with the Pratt & Whitney Co., and for the 
last 12 years has been a member of the faculty 
of Massachusetts Institute of Technology. He 
has been a member of the National Screw 
Thread Commission since 1920, and has been 
prominent in the work of several A.S.M.E. 
special research committees and sectional com- 
mittees of the American Standards Associa- 
tion.. Mr. Buckingham has been a member of 
A.S.M.E. since 1913. 


WEATHER PORECASTING 


Weather prediction until recently could 
truthfully be termed a psuedo science since 
purely empirical or statistical considerations 
formed its basis; now an accuracy of over 90 
per cent has been attained in the 24-to-36-hour 
forecasts, according to the paper ““The Tech- 
nique of Weather Forecasting,’’ provided 
sufficient data are available. 

Air-transport companies were the first user: 
of detailed weather forecasts, which were so 
accurate that they are now being applied suc- 
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cessfully to other and widely diverse indus- 
tries, such as production of motion-pictures, 
growing and marketing of citrus fruits, de- 
partment-store advertising, and construction 
of dams and highways. 

Irvine Kricx, the author, has been as- 
sistant professor of meteorology at the Cali- 
fornia Institute of Technology, Pasadena, 
Calif., since 1935. He was graduated from the 
University of California in 1928 and has been 
at the Institute since 1932 as a teaching fellow, 
an instructor, and in his present capacity. 
California Institute of Technology conferred 
the degree of M.S. in 1933 and followed this a 
year later with a Ph.D 


OIL INDUSTRY IN MICHIGA-. 


Petroleum production in Michigan is only 
12 years old, but, since that time, the state has 
assumed a relatively important position in the 
industry and approximately 1500 bbl is now 
being taken out of the ground daily. While 
the gasoline refined from this crude has a low 
octane rating, which makes it an unsatisfac- 
tory fuel, the overcome 
handicap by producing high-grade lubricating 
oils, naphthas, solvents, kerosene, and fuel 
oils. “‘The Oil Industry in Michigan,"’ de- 


refiners have this 


scribes briefly the geological characteristics of 
the State and presents data on the various 
fields that have been producing for some time 
as well as the recently discovered ones. C. R. 
Mixxer, the author, considers that Michigan's 
future as an oil-producing state is problemati- 
cal but inclines toward the belief that new 
fields will be discovered from time to time and 
that these will keep the State on the map as an 
oil producer. 

The author is a native of Wyandotte, Mich 
He was graduated with an A.B. in 1911 from 
Albion College and taught science in the 
Wyandotte High School for the next three 
years. In January, 1915, he entered the em- 
ploy of the White Star Refining Company, 
where his work was of a technical nature and 
included the development of the company’s 
laboratory and its supervision for a number of 
years. In his present position of consulting 
engineer for the White Star-Ohio Division of 
the Socony-Vacuum Oil Company, Inc., Mr 
Miller has general supervision over specifica- 
tions for all products manufactured in the 
Detroit territory. This work has involved the 
investigation of various materials entering into 
the manufacture of finished products, with 
special reference to crude oil. 


MECHANICAL ENGINEERS IN THE CHEMICAL IN- 
DUSTRY 


All of us are curious about the other fellow’s 
job, In the paper, entitled “Work of Me- 
chanical Engineers in Chemical Plants,’’ James 
Exurs has told how mechanical engineers may 
fit themselves into a type of industry, the so- 
called process industry, which is rapidly grow- 
ing in importance. Some of these industries 
are large and some small, yet in all of them the 
problems that he outlines are found. 

The author, who has been an A.S.M.E. mem- 
ber since 1921, is in excellent position to tell 
what is expected of a mechanical engineer in 
these industries inasmuch as he has been em- 
ployed by one of them, the Tennessee Eastman 


Corporation, Kingsport, Tenn., for 12 years. 
Since 1932, he has been in charge of its engi- 
neering and service division, a large organiza- 
tion that is doing the type of engineering 
which he describes. 


HOW TO EDUCATE AN ENGINEER 


Most engineers will admit after reading 
what Geo. A. Orrox had to say on the “‘Aims 
and Objectives of an Engineering Education”’ 
at the recent meeting of the Society for the Pro- 
motion of Engineering Education that if they 
had been reared in his formula they would be 
able, as he is, to tackle any kind of an engi- 
neering job. Oddly enough the engineering 
phases of Mr. Orrok’s education were self- 
acquired, as he himself points out, but they 
were based on a sound primary and secondary 
school training, a fruitful experience in chem- 
istry at M.I.T., and a native intellectual curi- 
osity that keeps him forever young. School- 
masters of the better sort overcame the boyish 
instinct to resist education and left a lasting 
impression of the importance of good teachers. 
Arguing for perspective as against departmen- 
talized specialization, Mr. Orrok would 
break down in so far as it is possible to do so 
the artificial walls within which much formal- 
ized education is isolated into compartments. 
Mr. Orrok tells just enough about some of his 
engineering experiences to show that it is use- 
less to think of him solely as a designer of cen- 
tral power stations, for which his long asso- 
ciation with the New York Edison Company 
and Thos. E. Murray has made him most 
familiarly known to engineers of this genera- 
tion. At present a consulting engineer in New 
York, he was recently made an honorary 
member of The American Society of Mechani- 
cal Engineers 


ENGINEERS AND SECURITIES 


Certain desirable effects on corporate finance 
have indirectly resulted from the passage of the 
Securities Act in 1933 and the Securities Ex- 
change Act a year later, and a change in the 
approach to accounting problems and an im- 
provement in the manner of presenting finan- 
cial statements are already apparent. How 
these have been brought about and the possi- 
bilities of additional legislation to supplement 
the two Acts are discussed in ““The Engineer 
and the Issue of Securities."’ After outlining 
the broad liability provisions of these acts re- 
garding untrue statements or the omission of 
essential facts in a prospectus, A. I. Henper- 
SON comments on some of the problems in- 
volved in the preparation of a registration 
statement for a new issue of securities, cautions 
engineers on the need for exactness in the lan- 
guage used in preparing reports to supplement 
such a statement, points out the importance of 
uniformity in all sets of balance sheets and in- 
come statements, and stresses the point that 
some one officer of a corporation should be 
thoroughly familiar with both Acts and the 
rules and regulations of the Securities and Ex- 
change Commission. 

Mr. Henderson received an A.B. degree upon 
being graduated from Harvard in 1913, at- 
tended Cambridge University, England, for one 
year, and spent the next two years at the Har- 
vard Law School from which he was graduated 
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in 1916, cum laude. He was stationed on the 
Mexican border with the New York National 
Guard for some time prior to the World War 
and served with the artillery in France and 
with the Army of Occupation in Germany 
until early in 1919, when he was transferred to 
the finance section of the Paris Peace Confer- 
ence and remained there for three months. In 
1920, Mr. Henderson entered the law office of 
Cravath, Henderson & de Gersdorff, New 
York, N. Y., and became a member of the firm 
in 1923. He severed this connection in Decem- 
ber, 1928, to accept a partnership in the in- 
vestment brokerage house of J. & W. Seligman 
& Co. and remained there until June, 1932, 
when he resumed the practice of law as a mem- 
ber of the firm of Cravath, de Gersdorff, 
Swaine & Wood, which had succeeded Cra- 
vath, Henderson & de Gersdorff. Since 1933, 
Mr. Henderson has specialized in problems 
arising under the Securities Act and the Secur1- 
ties Exchange Act. 


UNFIRED PRESSURE VESSELS 


Designing an unfired pressure vessel that is 
subjected to external pressure is a rather com- 
plicated process because usually all the infor- 
mation that the designer has to start with are 
the length and diameter of the proposed vessel 
and the maximum external pressure to be ap- 
plied. Numerous theoretical and empirical 
formulas are given in the A.S.M.E. Boiler 
Code, but their application involves consider- 
able computation. To present the rules in the 
simplest possible form, the formulas involved 
are represented by curves, and they are pre- 
sented and discussed in the article on theoreti- 
cal and empirical equations represented in 
rules for construction of unfired pressure 
vessels subjected to external pressure, 
which has been prepared by D. F. Winpen- 
BURG at the request of the A.S.M.E. Special 
Research Committee on Strength of Vessels 
under External Pressure 

The author was graduated from Cornell Col- 
lege, Mt. Vernon, Iowa, with an M.A. degree 
He pursued graduate courses in mathematics 
and physics at the University of California for 
two years and then entered the teaching pro- 
fession. Mr. Windenburg was head of the 
mathematics department at the Polytechnic 
College of Engineering, Oakland, Calif., for 
three years and held a similar position at the 
Long Beach Junior College, Long Beach, 
Calif., for two years. In January, 1929, he was 
appointed assistant physicist in the Bureau of 
Construction and Repair, Navy Department, 
and assigned to the Experimental Model Basin 
at the Washington Navy Yard, where he has 
remained ever since. Mr. Windenburg has 
written several papers relating to thin cylin- 
drical shells under external pressure which 
have been published in MecHanicaL ENGINEER- 
inG and A.S.M.E. Transactions. 


FACING THE TAX PROBLEM 


This month's review of economic literature 
from the Economic Department of the Massa- 
chusetts Institute of Technology entitled 
‘‘Facing the Tax Problem’’ is by Donatp 5 
Tucker, professor of economics in that depart- 
ment, who has contributed previously to this 
series. 
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A.S.M.E. NEWS 


And Notes on Other Engineering Activities 


Oil and Gas Power Division to Be 


Guest of Penn State for Its 


Meeting, August 18-21 


Final Program of Technical Papers and Sessions 


NCE again the Oil and Gas Power 

Division of the A.S.M.E. will be the 
guest of the Pennsylvania State College for its 
annual national meeting to be held under the 
joint auspices of the Division and the Central 
Pennsylvania Section. Those who have at- 
tended previous meetings in this delightful 
college environment in the midst of the beauti- 
ful forest-clad mountains of central Pennsyl- 
vania know that a cordial welcome awaits 
them and that the meeting provides the oppor- 
tunity of combining a restful outing with a 
splendid technical program. Those who have 
not attended before are urged to do so and to 
see for themselves why Penn State is so popular 
with the members of the Oil and Gas Power 
Division 


lhe official program for the meeting follows 


WEDNESDAY, AUGUST 18 
9:30 a.m. 


Registration opens at the Nittany Lion Inn. 
\ registration fee of $1 covers a complete 
file of preprints of all papers to be presented 


2:00 p.m. General 


Chairman: Ernest Nibbs, Electric Boat Com- 
pany and chairman A.S.M.E. Oil and Gas 
Power Division 

Welcome by the Dean of Engineering 

Progress Reports, by American Locomotive 
Company, Atlas-Imperial Diesel Engine 
Company, Caterpillar Tractor Company, 
Davenport-Besler Corporation, De La Vergne 
Engine Company, General Motors Corpora- 
tion, Hercules Motors Corporation, Inger- 
soll-Rand Company, Nordberg Manufac- 
turing Company and others 

U. S$. Navy Contributions to Diesel Engine 
Development, by E. C. Magdeburger, Bureau 
of Engineering, U. S. Navy Department 


THURSDAY, AUGUST 19 
9:30 a.m. Fuels—Lubrication 


Chairman: Carl Behn, National Supply Com- 
pany of Delaware, Otto Engine Division 
Lubrication Problems in Connection With 


High-Speed Diesel Engines, by C. G. A 
Rosen, Caterpillar Tractor Company 

Correlation of Laboratory Tests on Fuel Oils 
With Field Operation, by W. F. Joachim, 
U. S. Naval Experiment Station 


2:00 p.m. Transportation 


Chairman: Harte Cooke, American Locomo- 
tive Company 

Recent Developments in Automotive-Type 
Diesel Engines, by O. D. Treiber, Hercules 
Motors Corporation 

Diesel-Electric Bus Operation, by Martin 
Schreiber, Public Service Coordinated Trans- 
port Company 


FRIDAY, AUGUST 20 


9:30 a.m. Operating 


Chairman: L. M. Goldsmith, Atlantic Re- 
fining Company 
Oil Engine Power Cost Report, by H. C. 


Major, chairman, Oil Engine Power Cost 
Subcommittee 

Sewerage Gas Engines, by W. B. Walraven, 
Springfield Cll.) Sanitary District 

Waste Heat Recovery From Diesel Engines, by 
Glenn C. Boyer, Burns & McDonnell Engi- 
neering Company 

The Penn State Method of Testing Diesel 
Fuels, by J. S. Chandler, The Pennsylvania 
State College 


2:00 p.m. 
Committee Meetings and golf tournament 
7:00 p.m. 


Banquet, Informal, Nittany Lion Inn 


SATURDAY, AUGUST 21 


9:30 a.m. Research 


Chairman: P. H. Schweitzer, Penn State 
College 

Oil Flow Through Fuel Nozzles, by K. J 
De Juhasz, Penn State College 

Polymerization of Fuel Oils, by Gustay 
Egloff, Universal Oil Products Company 


The Nittany Lion Inn, Headquarters 


The Nittany Lion, an early colonial inn, 
headquarters for the meeting, is charmingly 
located on the College Campus adjacent to 
the College’s 18-hole golf course which is 
available to guests at the meeting. The Inn 
has unusually spacious lounges and parlors 
and provides an ideal opportunity to make 
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ON THE CAMPUS AT PENN STATE 


new friendships and to renew old ones which 
is one of the most cherished features of these 
meetings. The women will find these rooms 
particularly delightful for a quiet game of 
bridge while the men are busy with the tech- 
nical sessions. 

Both the time and the place make this an 
ideal occasion for them to accompany their 
husbands for a delightful vacation that is dis- 
tinctly different. A special Committee is 
making plans for their enjoyment. 

On Wednesday evening an informal get- 
together and dance will be held at the Nit- 
tany Lion Inn. A bridge tea is planned for 
the women on Wednesday afternoon and on 
Friday evening there will be a banquet at the 
Inn. Other delightful entertainment will be 
planned including a tour of the College cam- 
pus, excursions, and golf, tennis, swimming, 
and horseback riding. 

Reservations for accommodations should be 
made in advance with Prof. F. G. Hechler, 
chairman of the Committee on Arrangements, 
Pennsylvania State College, State College, Pa. 


Exhibit 


The exhibit of Diesel-engine parts and ac- 
cessories will be held in the Inn. Short talks 
by the exhibitors will again be a feature of the 
meeting. Exhibitors include the Aluminum 
Company of America, American Air Filter 
Company, De Laval Separator Company, Die- 
sel Equipment Corporation, Diesel Power, 
Ex-Cell-O Corporation, Goulds Pumps, Inc., 
Hercules Motors Corporation, Illinois Testing 
Laboratories, Koppers Company, American 
Hammered Piston Ring Division, Timken 
Roller Bearing Company, United American 
Bosch Corporation, and J. H. H. Voss, Incor- 
porated 


Committees 


Handling the arrangements for the meeting 
are the following: F. G. Hechler, chairman, 
E. R. Queer, P. H. Schweitzer, Oliver F. 
Allen, L. T. Brown, J. S. Chandler, J. S$. Doo- 


little, C. W. Good, Raymond Haskeli, L. H 
Morrison, Paul Newman, P. J. Reber, and 
F. M. Torrance. 

The Technical Program Committee consists 
of L. H. Morrison, chairman, Harte Cooke, and 
Lee Schneitter. The Exhibits Committee 
has K. J. DeJuhasz as chairman, and Carl 
Behn, Ralph Miller, R. Y. Sigworth, and 
F.C. Stewart. The Committee on Entertain- 
ment and Sports with E. L. Keller, chairman, 
has as members H. A. Everett, W. K. Gregory, 
N.R Sparks, and R. W. Wadman. There is a 
Daily Bulletin Committee, with C. L. Allen, 
chairman, and Ernest Hartford, A. H. Zerban, 
and W. G. C. Thompson. 


Papers for A.S.M.E.-A.I.M.E. 
Joint Fuels Meeting in 
Pittsburgh, Oct. 27-29 


T THE MEETING which the Fuels 
Division of the A.S.M.E. is to hold 
jointly with the Coal Division of the A.I.M.E. 
in Pittsburgh, Pa., October 27-29, the follow- 
ing papers are now being scheduled for presen- 
tation: 

By the Fuels Division, A.S.M.E. 

Selection of Coal for Pulverizers, by B. E. 
Tate, chief engineer, power plant, National 
Cash Register Company, Dayton, Ohio 

Inderfeed Stokers From Standpoint of Coal 
Selection, by J. E. Tobey, manager, fuel- 
engineering department, Appalachian Coals, 
Inc., Cincinnati, Ohio 

Chain- or Traveling-Grate Stokers—Bitumin- 
ous and Anthracite, by G. A. Anbro, power 
engineer, Colgate-Palmolive-Peet Co., Jer- 
sey City, N. J. 

Small Underfeed Stokers—Less Than 150 Hp, 
Bituminous and Anthracite, by the Engi- 
neering Committee of the Stoker Manufac- 
turers’ Association, B. M. Guthrie, chair- 
man, and Frank Hoke, R. E. Young, Chester 
Kay, T. A. Marsh, E. C. Webb, and A. O. 
Dady 

Summary of Papers on Coal Utilization and 
Relation to Coal Research, Particularly in 
Fundamental Aspects, by Ralph A. Sherman, 
fuel engineer, Battelle Memorial Institute, 
Columbus, Ohio 


By the Coal Division, A.I.M.E. 


Effect of Coal Preparation and Value to the 
Consumer, by H. F. Hebley, Commericial 
Testing and Engineering Company, Chicago, 
Ill. 

Present Available Methods of Burning No. 4 
Buckwheat Coal, by Allan J. Johnson and 
E. I. Buller, Anthracite Institute Labora- 
tory, Primos, Pa. 

Use of Catalysis in Combustion of Coal, by 
P. Nicholls, Fuels Section, U. S. Bureau of 
Mines, Pittsburgh, Pa. 

Interpretation of Laboratory Coal Tests, by 
G. B. Gould, president, Fuel Engineering 
Company, New York, N. Y. 

Theoretical and Practical Aspects of Segrega- 
tion in the Handling of Coal, by D. R. 
Mitchell, Urbana, Il. 

Fundamental Factors Involved in the Dust- 


— 
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proofing of Coal, by M. E. Fife, Mellon 

Institute, Pittsburgh, Pa. 

Arrangements are now being made by the 
local committee in Pittsburgh for visits to 
plants where apparatus may be seen illustra- 
tive of that referred to in the papers but final 
details are not ready. 

It is hoped that more detailed information 
may be given in the next issue of MecHANICAL 
ENGINEERING. 


Machine Shop Practice 
Division to Meet with 
the A.W.S. 


A THE annual meeting and welding 
exposition of the American Welding 
Society to be held from October 18 to 22 at 
Atlantic City, N. J., the Machine Shop Prac- 
tice Division of the A.S.M.E. will sponsor one 
technical session. This session is scheduled 
for Tuesday afternoon, October 19. Two 
papers will be presented, one on “‘Resistance- 
Welding Fabrication’’ by J. M. Cooper of the 
General Electric Company, and the other on 
‘*Fusion-Welded Fabrication’’ by H. N. Black- 
mon of the Westinghouse Electric & Manufac- 
turing Co. 

Sessions will cover the subjects of indus- 
trial research, fundamental research in weld- 
ing, fabrication, alloy steels, shipbuilding, 
and railroads. 

Headquarters for the meeting will be at the 
Traymore Hotel where all technical sessions 
will be held. The welding exposition will be 
in Convention Hall. 


R. L. Sackett Honored 


ONCLUDING 
22 years of ser- 
vice tO engineering 
education at the 
Pennsylvania State 
College, R. L. Sack- 
ett, vice-president, 
The American Society 
of Mechanical Engi- 
neers, retired as dean 
of engineering at that 
institution on July 1, 
1937. 

At the seventeenth 
annual Industrial 
Training Conference, 
held at State College in May, Dean Sackett 
was presented with an illuminated scroll in 
honor of his leadership in engineering fields, 
and for his contribution to the college the 
Class of 1937 dedicated its class book to him, 
the formal dedication taking place at a dinner 
given for him. 

Strong and vigorous and in splendid health, 
Dean Sackett plans to spend much of his time 
in the coming months in New York, actively 
directing the important work of the Com- 
mittee on Selection and Guidance of Engi- 
neering Students, of which he is chairman, 
of the Engineers Council for Professional 
Development 





R. L. 


SACKETT 
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A Forum for Frank Discussion by A.S.M.E. Members 


The A.S.M.E. and the 
N.S.P.E. 


THe Memsers’ Pace 

The rapidly growing National Society of 
Professional Engineers has a valid claim 
upon many members of the founder socie- 
ties for support, and in times of stress might 
even claim their membership to the exclu- 
sion of membership in the older societies. 
It is my belief that the time is ripe for The 
American Society of Mechanical Engineers 
to adopt a definite policy for the guidance 
of its future relationship with the N.S.P.E. 
Should the N.S.P.E. be ignored, should a 
program toward ultimate unification be 
pursued, or should a policy of close co- 
operation in matters of common interest be 
adopted? The initial step in the considera- 
tion of this problem is a clear understanding 
of the aims of the A.S.M.E. and those of 
the N.S.P.E. 

The A.S.M.E. is an organization, almost 
sixty years old, devoted to the promotion 
of the art and science of mechanical engi- 
neering. It is composed largely of men 
active in the practice of some form of 
mechanical engineering who are willing to 
further the aims of the Society at some 
personal sacrifice if necessary. These aims 
may be classified briefly as encouragement 
of original technical research, promotion 
of standardization committees that trade 
practices may be made uniform, and the 
summation of individual experiences so 
that all may benefit. The results of these 
activities are published in the Trans- 
actions and in MecHaNicaL ENGINEERING. 

The N.S.P.E., a young but vigorous 
association of engineers, is composed of 
men holding state professional-engineers’ 
licenses. The society's objective is to 
advance the professional and economic 
interests of the engineer through legisla- 
tion. It proposes to accomplish this end 
through perfection and enforcement of the 
present licensing laws. It also proposes 
to protect the status of professional engi- 
neers by active opposition to legislation 
tending to restrict their rights of practice, 
and by correction of local laws and ordi- 
nances which conflict with licensing laws. 
[he members are kept informed of these 
activities through monthly county meet- 
ings and a nontechnical magazine. 

The founder societies and the N.S.P.E. 


are organized along lines best suited to 
carry out their respective programs. The 
qualifications necessary for membership in 
a founder society so restrict its members 
that it is ill-fitted to carry out a program 
such as that sponsored by the N.S.P.E. 
On the other hand, the N.S.P.E., drawing 
members as it does from all the founder 
societies, is ill-fitted to attempt any pro- 
gram other than a general one which will 
have the support of all its members. In 
other words, each society, organized as it 
is, is best suited for the promotion of its 
specialized program, and unification of all 
societies would contribute little if anything 
to the efficiency with which these pro- 
grams are executed. 

These programs involve a certain amount 
of expense for administration, housing, 
and publication. Roughly speaking the 
cost per member of the A.S.M.E. program 
is $20 per year. On the same basis, the 
N.S.P.E. program costs $10 per year per 
member, the member's annual dues. These 
costs must be viewed as inherent in the 
performance of certain functions, and are 
unavoidable as long as those functions are 
performed. At present there is little if any 
duplication of the founder societies’ pro- 
grams by the N.S.P.E. Therefore, were 
unification of the founder societies with 
the N.S.P.E. to be effected, the combined 
programs would cost each member about 
$30 per year. The cost of the programs 
cannot be side-stepped merely by shifting 
the burden of administration. In fact, 
dues less than $30 might well be looked 
upon with suspicion, as indicative that 
either the technical or the legislative pro- 
grams were being curtailed. It is there- 
fore doubtful whether unification would 
mean an annual saving in dues for the 
individual members. 

The N.S.P.E. can hardly be ignored. It 
is a large and growing organization of 
national scope, which draws a large share 
of its members directly from the founder 
societies. Its program concerns the eco- 
nomic welfare of the accredited professional 
engineer and is based upon the strengthen- 
ing of laws already in force. To ignore 
this new society would be to presuppose a 
short-lived existence. Yet its activities 
and membership are such that a long and 
useful life is most probable. 

Although unification of all engineering 
societies seems remote, the N.S.P.E. can- 


not be ignored as a distinct factor affecting 
the well-being of members of all founder 
societies. The pursuit of their respective 
programs by these latter societies, each 
independent of the other, does not preclude 
the closest cooperation between them and 
the N.S.P.E. on matters affecting the 
economic welfare of their members. It is 
therefore my belief that the New York 
Engineering Council proposed by the 
Metropolitan Section of the A.S.M.E. 
should include as one of its duties coopera- 
tion with the N.S.P.E. on matters of mutual 
interest. 


Wa. H. Larkin, 3p.! 


Mechanical-Engineering 
Education 


THe Members’ Pace: 

I have read with considerable interest 
Professor Eidmann’s letter on ‘‘Mechanical- 
Engineering Education”’ in the June, 1937, 
issue of MecnanicaL ENGINeERING. I 
heartily indorse his proposal and believe 
the successful operation of the plan would 
be of great benefit to engineers and to the 
Society. 

As an educator, I have continually im- 
pressed on graduating classes the need of a 
continuation of their studies after gradua- 
tion. The question always comes up as to 
how and where. Many engineers, because 
of their location and time schedules, can- 
not attend established graduate schools. 
Moreover, many graduate schools place 
their entrance requirements so high, due 
to their restricted capacities, that a large 
percentage of our engineers find it im- 
possible to gain admission. 

I believe that the A.S.M.E. would be 
doing a great service in sponsoring centers 
of advanced and specialized instruction. 
Almost every city has an A.S.M.E. Local 
Section that might well become the center 
of such instruction. I urge the Council 
to consider carefully Professor Eidmann's 
plan. 

Frank D. Carvin.? 
1 Tompkinsville, Staten Island, N. Y. 
Jun. A.S.M.E. | 
2 Professor of Mechanical Engineering, 


Newark College of Engineering, Newark, 
N. J. Mem. A.S.M.E. 
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Applied Mechanics and Hydraulic Divisions 
Vote Ithaca Meeting Highly Successful 


NE OF the most interesting meetings 
ever held by either was that at which 

the Applied Mechanics and Hydraulic Divi- 
sions of the A.S.M.E. joined forces in Ithaca, 
June 25 and 26. Technically and socially it 
was voted highly successful and members of the 
Divisions are indebted both to Cornell Univer- 
sity and to Prof. F. G. Switzer and his local 
committee for two unusually profitable days. 

At the first session Friday morning, on 
vibration, four papers were presented. Two 
dealt with the use of rubber as a means of 
isolating vibration, one considered features 
of the vibration of a nine-cylinder engine, and 
one discussed the interesting work being done 
at Stanford University on the influence of 
earthquakes on buildings 

In the afternoon at a joint session of both 
Divisions a lively discussion followed the 
presentation of three papers dealing with 
cavitation, turbulence, and flow problems. 


Simultaneous Sessions on Cavitation 
and Elasticity 


On Saturday morning sessions were held 
simultaneously on cavitation and on elasticity 
At the former were discussed the pitting re- 
sistance of metals under cavitation conditions 
and the relative resistance to cavitation ero- 
sion by the vibratory method. At the session 
on elasticity four papers were read dealing 
with curved flexural springs, stresses in three- 
dimensional pipe lines, working stresses for 
fluctuating loads, and torsion of rectangular 
tubes. Six papers were presented by title 

Saturday afternoon was devoted to a round- 
table conference by the Hydraulic Division on 
the present status of cavitation research in the 
It was an unusual 
privilege to have representatives from all of 


United States and Canada. 


the groups now engaged in cavitation research 
present to discuss this problem and to report 
upon their work and the programs contem- 
plated for the future. The following research 
investigations were reported upon: Pennsyl- 
vania Water & Power Corporation, Massa- 
chusetts Institute of Technology, Princeton 
University, University of Toronto, Shawini- 
gan Water & Power Company, Canada, and 
U. S. Naval Propeller Testing Laboratory. 

Following the discussion of the research 
program, the meeting was thrown open to dis- 
cussion on the definition of cavitation action, 
and it was generally agreed that a sharp dis- 
tinction should be drawn between cavitation 
itself and the pitting or erosive action resulting 
from cavitation. A subcommittee of the main 
Cavitation Committee is to be appointed to 
prepare a definition which would be recom- 
mended for general use.” Subcommittees are 
also being organized to prepare recommended 
methods for determining the relative resistance 
of materials to pitting under cavitation condi- 
tions and also for the recommended methods 
by which the characteristics of turbines, 
pumps, and propellers can be established under 
cavitation conditions 

The meeting passed a resolution proposed by 


Prof. Lewis F. Moody, seconded by Carroll 
F. Merriam, that letters be sent to Dr. Spann- 
hake and Dr. Thoma in Germany in recogni- 
tion of their contributions to the study of 
cavitation. 

Simultaneously a session was held on plas- 
ticity by the Applied Mechanics Division at 
which papers considering plastic torsion and 
creep of metals were presented. 

Particularly noticeable at all of the tech- 
nical sessions was the interesting and lively 
discussion 

Following the technical sessions on Saturday 
committee of the Applied 
Mechanics Division held a meeting at which 
the program for the Annual Meeting was dis- 


the executive 


cussed and regular Division activities talked 
over 

The meeting, however, had its lighter side 
when elasticity, vibration, cavitation 
plasticity 
picnic supper at Taughannock 


even 
were forgotten or outranked by a 
Falls. Pre- 
viously on Friday special trips and a tea had 
been arranged for the women in attendance 
at the meeting 


Dr. H. J. Gough Speaker at Dinner 


The dinner on Saturday evening was well 
attended. C.R. Soderberg was an able toast- 
master. The principal speaker was Dr. H. J. 
Gough of the National Physical Laboratory 
in England who told of the different types 
of research work conducted there. Provost 
A. R. Mann of Cornell University brought 
greetings and a welcome to the meeting 
Short talks were given by S. Logan Kerr of 
the Hydraulic Division and C. E 
secretary of the A.S.M.E. 


Davies, 


A.S.M.E. Emblem in Lobby 
of New Mellon Institute 
Building 


EVERAL parts of the new home of Mellon 
Institute at Pittsburgh have been invested 
with symbolic meaning to render the art 
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therein emblematic of the purpose of the in- 
stitution, the beneficence of science, the quali- 
ties of scientific research, the origin and ad- 
vancement of chemistry, and the value of in- 
dustrial research. 

Medallions bearing the emblems of Ameri- 
can scientific and professional societies, rep- 
resentative of the principal fields of science 
and technology constitute an important part of 
this symbolism. 

These medallions signify the general char- 
acter and breadth of the Institute’s recogni- 
tion of, indebtedness to, and collaboration 
with these organizations and their realms 
and also the scope of scientific research, both 
pure and industrial, particularly as conducted 
at the Institute. 

The accompanying illustration shows the 
A.S.M.E. emblem as it appears in the lobby of 


the building 


J. M. Mousson Receives First 
James H. McGraw Prize 


()* JUNE 4, during the annual conven- 
tion of the Edison Electric Institute, 
J. M. Mousson, member of the A.S.M.E. and 
hydraulic engineer of the Safe Harbor Water 
Power Baltimore, Md.,_ re- 
ceived the first James H. McGraw Prize for 
1937 
made 


Corporation, 


This award, which is one of three 


annually by the Institute, was in 
recognition of his paper, ‘Practical Aspects 
of Cavitation and Pitting,’’ as the most meri- 
torious paper pertaining to any engineering 
or technical subject relating to the electric 


light and power industry 


Members of A.S.M.E. in 
Commencement News 


EVERAL MEMBERS of the A.S.M.E 
i) were the recipients of degrees conferred at 
recent commencement exercises, and others 
delivered commencement addresses. 
these were the following: 

R. L. Sackett, vice-president of the 
A.S.M.E., dean emeritus of engineering, 
Pennsylvania State College, Doctor of En- 
gineering, University of Michigan. 

C. F. Scorr, professor-emeritus of electrical 
engineering at Yale University, and chairman, 
Engineers’ Council for Professional Develop- 
ment, Doctor of Science, The Ohio State Uai- 
versity. Dr. Scott was elected president of the 
Alumni Association at its recent meeting. 

Ratpx E. Franpers, past-president of the 
A.S.M.E., and president of the Jones & Lamson 
Machine Co., Springfield, Vt., delivered the 
commencement address at the Polytechnic 
Institute of Brooklyn on June 16. His subject 
was ‘‘The Ergineer and His World.”’ 

S. F. Vooruezes, senior partner of Voorhees, 
Gmelin & Walker, New York, N. Y., and 
past-president of the American Institute of 
Architects, Doctor of Engineering, Princeton 
University. 

Gano Dunn, president of the J. G. White 
Engineering Corporation, New York, N. Y., 
and president of the National Research Coun- 
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cil, delivered the address to the graduating 
class of the Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

C. F. Kerrerine, president and general 
manager of the General Motors Research Cor- 
poration, Detroit, Mich., and past-president 
of the Society of Automotive Engineers, Inc., 
Doctor of Science, New York University. 
He was cited as ‘‘a leader in a field of activity 
which has only been in being for a generation, 
namely, the organized and sympathetic at- 
tempt to find, through research, new applica- 
tions of the principles of science to large-scale 
industry 

Water J. WoxntenserG, Sterling professor 
of mechanical engineering at Yale University, 
Doctor of Engineering, University of Ne- 
braska. 

Freperick Key, vice-president and engineer 
in charge of design for the Key Company, 
East St. Louis, Ill., Doctor of Mechanical 
Engineering, of University of Tulsa. He was 
cited as a ‘“‘distinguished engineer and in- 
ventor, leader in industrial progress, whose 
vision of man’s needs, consecration to the task 
of fulfilling them, and eternally youthful spirit 
have made his long and active life of great 
value in his chosen field.”’ 

Matcotm F. McConne tt, general superin- 
tendent of the Homestead Works of the Car- 
negie-Illinois Steel Corporation, Munhall, 
Pa., Doctor of Science, University of Pitts- 
burgh, for “‘citizenship and achievements in 
industry 





A.S.M.E. Calendar 
of Coming Meetings 


August 18-21, 1937 


Oil and Gas Power Meeting 
Pennsylvania State College 
State College, Pa. 


October 4-6, 1937 
Fall Meeting 
Erie, Pa. 

October, 1937 


Wood Industries Meeting 
Grand Rapids, Mich. 


October 15, 1937 


Textile Meeting 
Boston, Mass. 


October 27=28, 1937 


Joint Meeting of A.S.M.E. Fuels 
and A.I.M.E. Coal Divisions 
Pittsburgh, Pa. 


December 6-10, 1937 
Annual Meeting 
New York, N. Y. 

March, 1938 
Spring Meeting 
Los Angeles, Calif. 

June 20-24, 1938 


Semi-Annual Meeting 
St. Louis, Mo. 
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Other Engineering Activities 





Pump-Testing Laboratory at 
University of California 
bb department of mechanical engineering 


at the University of California has estab- 
lished a laboratory for the study of vertical- 
shaft pumps. The program of research has 
been worked out in cooperation with the 
Division of Agricultural Engineering and the 
Division of Irrigation Investigations and Prac- 
tice of the College of Agriculture and with the 
pump manufacturers. The work of this labora- 
tory will include: Research in the field of 
deep-well and propeller pumps; analysis of 
laboratory and field methods of testing, de- 
velopment of testing standards and calibration 
of testing instruments; tests of motors, bear- 
ings and auxiliary equipment; tests of manu- 
facturers’ types; and acceptance tests of 
specific pumps. 

Installation of the testing equipment is 
about completed and work will be started 
immediately. Initial projects are: Accuracy of 
methods of measuring water; normal charac- 
teristics of new deep-well pumps; friction 
losses in riser column; friction in bearings; 
effect of wear on pump characteristics; pump 
thrust loads; development of Pump Testing 
Code. 

Arrangements have been made to borrow 
pumps and accessories for carrying out this 
program. Manufacturers interested in par- 
ticipating in this work should write to Prof. 
M. P. O'Brien, at the University of California. 


A.L.E.E. Officers Elected 
for 1937-1938 


H. HARRISON, assistant vice-presi- 
e dent, department of engineering and 
operation, American Telephone and Telegraph 
Company, New York, N. Y., was elected 
President of the American Institute of Elec- 
trical Engineers for the year beginning August 
1, 1937, as announced at the annual meeting 
of the Institute held in Milwaukee, Wis., 
during the annual summer convention of the 
Institute. The other officers elected were: 
Vice-presidents, I. Melville Stein, Phila- 
delphia, Pa.; Edwin D. Wood, Louisville, 
Ky.; L. N. McClellan, Denver, Colo.; J. P. 
Jollyman, San Francisco, Calif.; M. J. Mc- 
Henry, Toronto, Canada. Directors, C. R. 
Beardsley, Brooklyn, N. Y.; V. Bush (Mem. 
A.S.M.E.), Cambridge, Mass.; F. H. Lane 
(Mem. A.S.M.E.), Chicago, Ill. National 
treasurer, W. I. Slichter (Mem. A.S.M.E.), 
New York, N. Y. (reelected). 


A.S.T.M. Officers for 
1937-1938 
HE American Society for Testing Mate- 


rials has announced the election of its 
officers for 1937-1938 as follows: President, 


Prof. A. E. White (Mem. A.S.M.E.), Univer- 
sity of Michigan, Ann Arbor, Mich.;  vice- 
president, H. H. Morgan (Mem. A.S.M.E.), 
Chicago, Ill.; members of the executive com- 
mittee, P. H. Bates, H. F. Clemmer, and 
G. E. F. Lundell, all of Washington, D. C., 
H. C. Mougey, Detroit, Mich., and R. L. 
Templin, New Kensington, Pa. 


Officers of National District 
Heating Association Elected 


T THE twenty-eighth annual conven- 
tion of the National District Heating 
Association held in Detroit, Mich., in May of 
this year, officers were elected as follows: 
President, T. E. Purcell (Mem. A.S.M.E.), 
Pittsburgh, Pa.; first vice-president, J. R. Mc- 
Causland (Mem. A.S.M.E.), Philadelphia, Pa.; 
second vice-president, G. D. Winans, Detroit, 
Mich.; third vice-president, Edward Lenz 
(Mem. A.S.M.E.), New York, N. Y. Mem- 
bers of the executive committee: M. D. Engle 
(Mem. A.S.M.E.), Boston, Mass.; F. L. 
Witsell, Toledo, Ohio; J. M. Arthur, Kansas 
City, Mo. 


H. W. Craver Heads 
Librarians 


T A meeting of 
the American 
Library Association 
heid in New York, 
N. Y., during the 
week of June 19, 1937, 
Harrison W. Craver, 
director of the Engi- 
neering Societies Li- 
brary, was elected 
president of the asso- 
ciation. 

Director Craver is 
a native of Illinois 
and a graduate of 
Rose Polytechnic In- 
stitute where he studied chemistry and from 
which he received the honorary degree of 
Doctor of Science in 1933. His technical and 
engineering work was carried on in various 
steel mills which he served as chemist, metal- 
lurgist, and superintendent of open-hearth 
work. 

In 1900 Dr. Craver was invited to organize 
a technology department for the Carnegie 
Library of Pittsburgh, the first public library 
to attempt special services to engineers and 
manufacturers of the community. After two 
years spent at this task, he returned to the 
steel business as assistant superintendent of 
the newly organized Allegheny Iron and Steel 
Company, now the Allegheny Steel Company, 
in charge of the rolling mills. 

The attractions of library work proving too 
strong to be resisted, Dr. Craver, returned to 
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the Carnegie Library of Pittsburgh as tech- 
nology librarian and was later appointed 
librarian. In 1917 he came to the Engineering 
Societies Library as its librarian, where his 
knowledge of this profession and of the litera- 
ture of technology have been fruitful in the 
direction of the largest engineering library in 
this country. Under his administration the 
library's extensive collection of books and 
pamphlets was satisfactorily catalogued 

Dr. Craver is a member of numerous scien- 
tific, historical, and library societies and 
clubs. His wide knowledge of scientific, 
engineering, and general literature and his 
faciliry in foreign languages, coupled with a 
librarian’s sixth sense in ferreting out refer- 
ences on an infinite variety of subjects, have 
been important factors in his successful ad- 
ministration of the library. 


American Chemical Society 
to Meet in Rochester 


HE ninety-fourth meeting of the American 
Chemical Society will be held in Roches- 
ter, N. Y., September 6 to 10 

Seventeen professional divisions of the so- 
ciety and the 
scheduled sessions 

Dr. E. R. Weidlein, director of the Mellon 
Institute of Industrial Research, Pittsburgh, 
will deliver the annual presidential address of 
the Society on Tuesday evening. 

At twenty-three symposia, special reports of 
developments affecting industry, «nutrition, 
public health, pure science, and education will 
be presented 

A wide variety of papers will be heard at 
other divisional 


microchemical section have 


sessions 


AT THE SEMICEN 


TENNIAL BANQUET OF 


MECHANICAL ENGINEERING 


Engineering Institute of Canada 


Celebrates Its Semicentennial 


A Brief Résumé of an Impressive Program and Some of 


the Addresses 


EMBERS of The American Society of 

Mechanical Engineers who witnessed and 
took part in the brilliant events of the celebra- 
tion of the Fiftieth Anniversary of the found- 
ing of the Society will have a keen apprecia- 
tion of the significance to the engineers of the 
Dominion of Canada of the Semicentennial of 
The Engineering Institute of Canada, held at 
Montreal, June 15 to 18, 1937. 

In the June, 1937, issue of the Institute's 
Engineering Journal is briefly recounted ‘The 
Story of the Engineering Institute of Canada," 
founded in 1887 as the Canadian Society of 
Civil Engineers. In this account are traced 
the history of engineering in the Dominion 
prior to the formation of the Institute, and 
sketches of famous Canadian engineers, with 
brief mention of some of the high points of 
the Institute’s developments and its achieve- 
ments. 

The Semicentennial program covered four 
days at Montreal, with the Windsor Hotel as 
headquarters, and two spent in the environs of 
Ottawa, centered around the Chateau Laurier. 
Representing The American Society of Me- 
chanical Engineers was a distinguished list of 
citizens of the Dominion and the United States, 
as follows 


W.S. Atwood, vice-president, Canadian Car 


THE ENGINEERING INSTITUTI 


and Foundry Co. Ltd., Montreal, Que., Can- 
ada. 

C. E. Davies, secretary, The American So- 
ciety of Mechanical Engineers, New York, 
N. Y. 

N. R. Gibson, vice-president, Buffalo, 
Niagara and Eastern Power Corp., Buffalo, 
N. Y. 

F. D. Herbert, president, Kearfott Engineer- 
ing Co. Inc., New York, N. Y. 

James H Herron, president, The Ameri- 
can Society of Mechanical Engineers. 

Albert Laurie, owner, 
Montreal, Que., Canada. 

R. E. McAfee, manager, Eastern Branch, 
Babcock-Wilcox & McCulloch, Ltd., Mon 
treal, Que., Canada. 

Charles Penrose, vice-president, 
Zimmermann, Inc., Philadelphia, Pa 

H. L. Seward, professor of mechanical engi- 
neering, Yale University, New Haven, Conn 

T. Kennard Thomson, consulting engineer, 
New York, N. Y. 

W. E. White, development engineer, North- 
ern Electric Co. Ltd., Montreal, Que., Canada 

H. H. Vaughan, president, Canadian Foreign 
Investment Corp., Montreal, Que., Canada. 

Two events of more than passing human 
interest concerning the American Society of 


Laurie & Lamb 


Day & 


OF CANADA 
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Civil Engineers, one sad and the other felici- 
tous, are worthy of mention. The first was 
the sudden death, in Montreal, on the day pre- 
ceding that on which he was to have addressed 
the Institute, of Harrison P. Eddy, past-presi- 
dent, the American Society of Civil Engineers, 
an event which shocked all engineers. The 
other was a cablegram of greeting from Pales- 
tine sent by George T. Seabury, secretary, 
A.S.C.E., who was on a Mediterranean holi- 
day. 

Tuesday was given over to the official open- 
ing of the Semicentennial, with President 
G. J. Desbarats, of the Institute, presiding, at 
which official representatives and greetings 
were received from engineering and learned 
societies the world over. Honorary member- 
ships in the Institute were conferred on engi- 
neers of the Dominion, the United States, 
England, and France, and prizes were awarded. 
The afternoon sessions and those held on 
Wednesday were devoted to the reading of 
technical papers. Luncheons on Tuesday 
and Wednesday were occasions for addresses, 
two of which are abstracted in this ac- 
count, and a banquet was held on Wednes- 
day night, more of which is noted later. 
Thursday was given over to inspection tours, 
to a garden party and tea in the afternoon at 
McGill University, and a “‘smoking concert’’ 
in the evening. Friday and Saturday were 
spent at Ottawa, with a luncheon at noon fol- 
lowed by tours in the afternoon and a dinner 
and dance in the evening. Saturday provided 
opportunity for further visits. 

For the manuscripts from which the few 
addresses were abstracted in what follows we 
are indebted to Capt. R. J. Durley, secre- 
cary, The Engineering Institute of Canada. 


Lord Tweedsmuir Speaks 
at Banquet 


te banquet on Friday evening, held in 
the Rose Room of the Windsor Hotel, 
was a brilliant occasion. As the accompany- 
ing illustration imperfectly shows, the speak- 
ers’ table was arranged in the form of a shield. 
the device of the Institute, filled in with flow- 
ers, on which the Institute’s emblem, the 
beaver, was silhouetted against a white back- 
ground. The guest of honor and principal 
speaker was His Excellency the Governor 
General of Canada, Lord Tweedsmuir, better 
known to some for his writings under the 
name of John Buchan. G. J. Desbarats, presi- 
dent of The Engineering Institute of Canada, 
presided, and Brig. Gen. C. H. Mitchell, who 
will be remembered by those who attended 
the Fiftieth Anniversary of The American 
Society of Mechanical Engineers, acted as 
toastmaster. 

Lord Tweedsmuir congratulated the Insti- 
tute on fifty years of vigorous and fruitful 
life and recalled the fact that he had been 
made an honorary member of it, although, he 
said, he had no knowledge of engineering to 
justify it. 

Most professions, he continued, seemed to 
him to be empirical and to deal largely in 
speculations and generalities. But the en- 
gineer did not; he had to deal with hard 
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facts. He knew that if he were not exactly 
right in his calculations he would be wholly 
wrong. That gave his mind a clearness and 
precision not common in other walks of life. 


Engineering Profession Foundation of 
Civilized Society 


The engineering profession, he said, had al- 
ways been the foundation of any civilized 
society. In Canada engineers had to conquer 
space, and to adapt landscape to human 
needs. Great achievements already stood to 
the credit of Canadian engineers, but the con- 
quest of wild nature had only begun. He had 
never tired of declaring that the future of the 
British Commonwealth depended largely on 
applied science, and that the engineer was the 
principal Empire builder. 

He reminded his listeners, that the beauty 
and dignity of its landscape were among the 
chief assets of any nation and that it was most 
necessary to keep the balance between the aes- 
thetic and utilitarian interest. In England, 
the countryside had absorbed the railways, as, 
in his opinion, no doubt it would the motor 
roads. It was necessary in such matters to 
get rid of narrow aesthetic fads and take a ro- 
bust view of what constituted the picturesque. 

However, the constructive powers of man 
must keep in some harmony with nature, and 
in a country like Canada, where nature in its 
wildest form was dealt with, the engineer 
should be something of an artist. To him the 
introduction of human interest did not spoil, 
but rather dignified, any landscape. In 
bridges, he said, there should be conscious 
artistic purpose, for the bridge was one of the 
most beautiful of human creations. 

In conclusion he said that engineering had a 
great mission. Engineers had in their hands 
the making of the material background of a 
great nation. They were the pathfinders, the 
road makers, the cyclopean architects of a 
land whose horizons were not limited and 
whose dimensions no man could sense. He 
congratulated the Institute on its half-century 
of brilliant achievement and said that when it 
came to celebrate its centenary it would look 
back on its jubilee year as no more than a day 
of small things. 

A. Surveyer proposed the toast ‘‘Our 
Guests,’’ to which Sir Alexander Gibb, honor- 
ary member of the Institute, replied. 


Toast—“The Institute” 


In proposing the toast “‘The Institute,"’ 
Edward P. Lupfer, member of the American 
Society of Civil Engineers, conveyed the 
greetings and felicitations of that society to 
its Canadian sister society and spoke of the 
long, peaceful, and friendly relations that had 
existed between the United States and Canada. 
‘We admire and applaud,’’ he said, “your 
faith in yourselves, your dignity, your far- 
sightedness; we admire your unafraidness, 
your independence, your formal simplicity, 
your solidarity. Feeling as we do about you, 
a feeling engendered and tested over many 
decades of neighborliness, we look with con- 
fidence to walking beside you down the coming 
vears, refreshed and strengthened and en- 
couraged by your presence."’ E. A. Cleveland 
of the Institute replied to the toast. 
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President Herron’s Address 
on Social Progress 


T the luncheon held in Windsor Hall 
on Tuesday, J. M. R. Fairbairn of the 
Institute presiding, the guests were welcomed 
by His Worship the Mayor of Montreal, and 
addresses were delivered by H. V. Potter, of 
London, England, representing the Society of 
Chemical Industry, and James H. Herron, 
president, The American Society of Me- 
chanical Engineers, whose subject was ‘‘Con- 
tributions to Social Progress.'" Mr. Herron 
said in part: 


Engineering developments have set up a 
new economic structure; and the greatest 
concern of the present day is that of harmoniz- 
ing and balancing the forces arising from the 
changed situation so that employment, pro- 
duction, and consumption may keep pace with 
each other. Community customs have ceased 
to be sharply differentiated, rural life has been 
given the advantages of urban culture, and it is 
now possible for country and city to meet on a 
fairly equalized plane of social interest and 
behavior. 

Civic organization has been compelled to 
adjust its operations to fit the pies. press of 
mechanical advancement. New laws must 
be enacted and old laws revamped to fit the 
present needs. Greater responsibilities are 
imposed upon the government, while new 
means and sources of taxation must be sought 
to meet the added burden of expense. 

Ethical and religious customs are affected 
slightly perhaps but certainly by the forward 
sweep of the material forces. Creeds are break- 
ing down their walls of intolerance, and it is 
apparent that dispersion of education and 
culture through the facilities offered by design 
and invention is exercising a leveling in- 
fluence in both moral and religious inter- 
course. 

Then how very evident it is that engineering 
is not the befouling exhaust from the dynamic 
forces driving the social organization to its 
destined goal. Rather, it is the very engine it- 
self, the central sun of a system panies. by its 
radiated power. The profession is recruited 
from all ranks. The humble son of poverty 
and adversity may aspire to the contribution 
of something to what has already been done. 
He may gain a place in illustrious renown with 
Lord Kelvin or Sir Robert Hadfield. 

The Dominion has furnished its share of 
men, eminent in the profession and distin- 
guished for their intellectual and humanistic 
efforts. These men have made available the 
natural resources. Where water has offered a 
source of power, plants and machinery to 
utilize the energy have been devised. Uses 
have been sought for the power, resulting in 
the establishment of new enterprises. Means 
to carry this energy for long distances have 
been discovered. Where minerals have been 
stored in natural deposits, they have been made 
available by airplane, by railway, and by 
motor truck. The vast lumber resources and 
the grain of western provinces have both 
pa an outlet to the world’s markets. If 
waterways are needed, a Welland canal shows 
what can be provided. If open water is 
blocked by ice, interfering with navigation in 
winter, the engineer finds a way to break the 
icy grip and speed the vessel on its way. If the 
natural beauty of rugged regions, the pisca- 
torial sport of inland rivers, the restful haunts 
of sylvan scenes call to the touring vacationist, 








642 


the roads have been prepared and sustenance 
made accessible. 

If, in a rural community, an unusual event 
occurs and an unknown doctor ushers five little 
strangers out of the nowhere into the here, 
progress makes it possible to apprise an alert 
world; makes possible the demand for supplies 
to sustain and nourish, to reach the ps 
people; makes possible the delivery of these 
supplies without delay; makes possible a path 
whereby the curious may reach the nursery 
door; makes possible five happy, healthy 
sisters of equal age. 

The world is narrowed, time abbreviated, 
and all the people made more intimately con- 
nected. Ifa king takes leave of his loving and 
beloved subjects, his voice is carried to their 
ears in every part of the vastempire. Ifa king 
is crowned, the coronation ceremony is pic- 
tured in the public prints almost before the 
tumult and the shouting have subsided. To 
the vast multitude of loyal souls who shout 
“Long Live the King,"’ the newly crowned 
sovereign addresses his thoughts and bespeaks 
the patience, loyalty, and support every true 
leader of a people desires to have. 

There are social ills and misfortunes which 
progress has not eradicated nor in any great 
measure corrected. They are inherent in 
individual differences, yet based on a rather 
universal human trait of acquisitiveness and 
self-secking. The evidences are manifest in 
greed, antisocial attitude, dishonesty, and 
oppression. Individual traits, within limits, 
are modifiable and controllable no less than 
our social relations and institutions. The 
social-economic order may be changed by 
wisely guided imaginative construction and 
clearheaded cooperative action. 

Many of our leading thinkers, and some of 
the best in the engineering field, have focused 
attention on these outstanding deficiencies 
of our social life. They have applied the 
same keen analytical powers to secure the 
— perspective. The problem has been 
outlined, but the key to its solution is still 
lacking. The difficulties to be overcome and 
the obstacles to be surmounted are no more 
invincible than nature has presented to the 
engineer who has won the victory. 


“The Next Fifty Years’’ 


A the Wednesday luncheon, C. D. 
Howe, honorary member of the Insti- 
rute presiding, Harrison P. Eddy, of Boston, 
past-president of the American Society of 
Civil Engineers, was to have read an address, 
‘*The Next Fifty Years."" Mr. Eddy’s sudden 
death on Tuesday, while in attendance at the 
semicentennial, prevented his delivering the 
address in person. 

Engineers in all fields who knew Mr. Eddy 
revered him for traits of nobility and courtesy 
that were fitting accompaniments to the dig- 
nity of his appearance, and respected him for 
the high quality of his achievements as a con- 
sulting engineer. To these friends especially 
this address to the Canadian engineers will 
recall the calm wisdom of Mr. Eddy that was 
born of a rich experience. If Mr. Eddy had 
planned a valedictory he could scarcely have 
done better. The more significant passages of 
the address are quoted in what follows. 


In the fifty-year period before us there will 
be an accelerated advance in the accomplish- 
ments of engineering which, broadly speaking, 
is the application of science. New discoveries 
in science and their use by means of new inven- 





tions, will follow one another with ever- 
increasing rapidity. Often one discovery 
will reveal a score or more of new opportuni- 
ties which speedily will be developed and made 
useful to man. 

This acceleration in the speed of engineering 
advancement will be due in part to the in- 
crease in the number of workers in this field, 
made available through the competition of 
engineering colleges to gain students, and 
especially the growing conviction among 
parents, whether well-founded or not, that an 
engineering education carries with it an im- 
proved economic and social status. The 
public has become “‘engineering-minded."’ 


A Forecast 


No one can foretell with accuracy what 
specific results will ensue from this intensified 
development along engineering lines; but a 
few accomplishments are clearly evident: 

Space, already so greatly reduced, will, 
practically speaking, be well-nigh eliminated 
by the conquest of the air. 

Mass production will be extended to far more 
industries. 

Agriculture will yield more and more to 
a combination of control and mechanization. 
With the aid of new methods of processing 
and the discovery of synthetic foods, the neces- 
sary agricultural products for a unit of popu- 
lation will be provided with a fraction of the 
labor and land now used. 

Automatic control of production and opera- 
tion will further greatly reduce the need for 
manual control. 

New scientific discoveries, new sources of 
power, and the development of new processes 
and inventions will make necessities and many 
luxuries more generally available. 

Such changes will inevitably shorten the 
work time required to satisfy the demands of 
the public. In Camada and the States it has 
been reduced one third during the last 50 
years. Is it not probable that an equal reduc- 
tion will result in the next 50 years? If so, 
the required work time will become only one- 
half what it is at present. Probably 20 hours 
a week is a conservative estimate. 

Whatever this reduction may be, it will re- 
sult largely from the activities of the engineer. 
Credit for lightening the human burden, how- 
ever, will be accompanied by liability for any 
unfortunate results which may ensue and the 
public will look to the engineer to provide the 
means to avoid them. 


The Problem of Leisure 


One of the grestest problems which will 
be created by such changes and which even 
now is urgently demanding attention is, 
What shall we do with our released time and 
energy? 

Some of the ill effects of a surplus of spare 
time already have become evident. Among a 
substantial number of persons there has ap- 

arently developed a lack of desire to work 
i the purpose of bettering their condition. 
To illustrate, it has recently been found so 
easy to do a minimum of work for a modicum 
of compensation, under the guise of relief, that 
the incentive to produce more for a greater 
reward has become atrophied. This tends to- 
ward a falling, not a rising, standard of living. 

We are wont to believe that our modern 
civilization has produced a higher standard of 
living. Unless this great problem of the ap- 
plication of leisure time is judiciously solved, 
the undirected forces of human nature may 
reduce the present standard of living and wreck 
our civilization 
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The most obvious and popular solution of 
the problem seems to be the development of 
recreation, and in the next 50 years games, 
sports, hunting, fishing, travel, and a long list 
of recreational pursuits will be brought within 
easy reach of more and more of the people. 
In providing such means the engineer will take 
a prominent part. New machines and equip- 
ment will be invented and used partly or ex- 
clusively for recreation; greater sums will be 
spent, for the most part under the technical 
p sat ta of the engineer, on the develop- 
ment of highways, playgrounds, parks, and 
other recreational facilities. While this 
movement is valuable, is it to be the sole solu- 
tion of the problem during the next 50 years? 
Can recreation take the place of work in pro- 
viding training and Sienighine Will the 
making available of so large a proportion of 
time for play result in producing a lack of 
respect for and obedience to law; will it 
diminish initiative and ambition? There 
certainly is grave doubt whether the solutior 
can be found in recreation alone. 

I foresee a longer period of education for 
youth, extending perhaps to the completion 
of a junior-college course, say at the age of 
twenty. This will provide a general educa- 
tion including opportunity for trade and voca- 
tional training, but it should not be continued 
too long, because youth is anxious to begin 
his life work; he is ‘‘champing at the bit;"’ 
his ambition must not be permitted to wane 

In addition to this general education, post- 
scholastic study will become much more 
common and will provide both for entertain- 
ment and for the development of handicraft, 
science, the arts, and literature. It will con- 
tinue through adult life. There will ensue a 
return of the craftsman, who will work for 
the pleasure of working and to produce useful 
and ornamental things in the making of which 
he will take a just pride. The pursuits of 
art and literature are appropriate home avoca- 
tions. Study and research in the home are 
not impracticable, and for the more involved 
work laboratories open to the public could be 


provided. 


The Professional Engineer of the Future 


The professional engineer of the future will 
be more highly educated than in the past 
His four-year college training will be devoted 
to the fundamental sciences with generous 
allowances for the liberal arts and humanities 
His professional study will follow in what we 
now call ‘‘post graduate’’ years. He will then 
have a service period of several years before he 
will formally enter the profession. Only by 
such modifications of the present prevailing 
college training can the engineer te next 
50 years be adequately equipped. 

Providing for the future, as his work necessi- 
tates, recognizing and applying the discoveries 
in science and appreciating that there is a vast 
realm of the unknown yet to be explored, 
from which new truths are still to be learned, 
the engineer must be progressive and at the 
same time sound; he must distinguish fallacies 
from truths. If he takes advantages of his 
opportunities during the next 50 years, the 
engineer will exert a greater influence upon 
the progress of civilization and the well-being 
of mankind. 

The scope of our engineering societies must 
be broadened. They must maintain a high 
technical standard through interchange of the 
results of experience and research, as the In- 
stitute has so well done in the past, but they 
must also devote more time and energy to the 
study of economic, social, and governmental 
problems, both national and international 
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S.P.E.E. Meets at Cambridge and Elects 
Officers for 1937-1938 


M.I.T. and Harvard Act as Hosts for 1600 


T THE forty-fifth annual meeting of the 
Society for the Promotion of Engineering 
Education, held at the Massachusetts Institute 
of Technology and Harvard University, Cam- 
bridge, Mass., during the week of June 28, 
1937, with an attendance of 1600, Samuel B. 
Earle, dean of engineering, Clemson Agricul- 
tural College, S. C., and nominee for manager- 
ship, The American Society of Mechanical 
Engineers, was elected president for 1937-1938. 
Vice-presidents elected were Karl T. Compton, 
president, M.I.T., member A.S.M.E., and 
F. C. Bolton, dean, School of Engineering and 
of the College, A. and M. College of Texas. 
W. O. Wiley, of John Wiley and Sons, New 
York, N. Y., was reelected treasurer for a 
thirty-first term. F. L. Bishop, professor of 
physics, University of Pittsburgh, was re- 
elected secretary. 

Members of the council to serve a three-year 
term elected at the Cambridge meeting were: 
G. F. Eckhard, dean, College of Engineering, 
University of Vermont; S$. C. Hbllister, 
director, School of Civil Engineering, and 
associated dean, College of Engineering, 
Cornell University, member A.S.M.E.; F. M. 
Feiker, executive secretary, American Engi- 
neering Council, member A.S.M.E.; F. B. 
Seely, head of Department of Theoretical and 
Applied Mechanics, University of Illinois; 
A. H. White, professor of chemical engineer- 
ing, University of Michigan; R. W. Sorensen, 
professor of electrical engineering, California 
Institute of Technology; and D. S. Elliott, 
professor of physics, Tulane University. 

In addition to the officers already mentioned, 
R. E. Doherty, president, Carnegie Institute 
of Technology, Pittsburgh, Pa., was elected to 
succeed H. P. Hammond as S.P.E.E. represen- 
tative on the Engineers’ Council for Profes- 
sional Development. 


Division of Mechanical Engineering 
Meets 


Regular sessions of the annual meeting 
which began on Wednesday, June 30, were pre- 
ceded by sessions of the summer conference on 
mechanical engineering, under the auspices 
of the newly formed Division of Mechanical 
Engineering, and similar conferences on ma- 
chine design, civil engineering, mechanics, 
chemical engineering, electrical engineering, 
English, and physics. 

The Division of Mechanical Engineering 
adopted a plan of organization consisting of 
an executive committee and four subcommit- 
tees on manufacturing materials and processes, 
heat power, machine design, and management. 
Frank L. Eidmann, ot Columbia University, 
member A.$.M.E., and F. D. Carvin, of the 
Newark College of Engineering, member, 
A.S.M.E., were elected chairman and secre- 
tary respectively of the division. 

At the opening session of the conference on 
mechanical engineering, Frank L. Eidmann, 
Presiding, J. C. Hunsaker, of M.I.T., member 
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A.S.M.E., read a paper in which he traced 
changes in the curricula of mechanical engi- 
neering courses over the last 25 years. Geo. 
A. Orrok, consulting engineer of New York, 
honorary member, A.S.M.E., addressed the 
afternoon session on the aims and objectives 
of mechanical-engineering education. Mr. 
Orrok’s paper appears on pages 591-594 of 
this issue. 

A luncheon on Monday noon served as a 
reunion meeting of those who attended the 
1928 Summer School for Teachers of Mechani- 
cal Engineering, at Purdue University. The 
Division's first annual dinner was held Monday 
evening, with C. E. Davies, secretary, 
A.S.M.E., acting as toastmaster. H. P. 
Hammond, president, S.P.E.E., F. L. Bishop, 
secretary, S.P.E.E., C. H. Berry, of Harvard 
University, member A.S.M.E., and H. P. 
Gough, of the National Physical Laboratory, 
London, England, spoke. Round-table dis- 
cussions on the teaching of many phases of the 
mechanical-engineering curriculum followed 
the dinner. 

Tuesday morning's session was held jointly 
with the Division of Machine Design. Re- 
ports of the round-table discussions of the 
previous evening were heard and A. A. Potter, 
past-president, A.S.M.E., read an able paper 
on ‘Factors Contributing to Effective Teach- 
ing of Mechanical Engineering. President 
Compton, of M.I.T., addressed the afternoon 
session on the subject, “‘Who Is a Good 
Teacher?’’ Drawing upon his wide personal 
experiences with teachers as student, teacher, 
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and administrator, President Compton em- 
phasized certain good and poor traits of teach- 
ing technique. 

At the annual dinner of the S.P.E.E. held on 
Thursday evening at M.I.T., H. P. Hammond, 
president, presided. 

The Lamme Medal for achievement in engi- 
neering education was presented to Frederick 
Eugene Turneaure, of the University of Wis- 
consin. The citation read: 

The award of the ‘‘Lamme Medal" to Dean 
Turneaure is for his influence upon the policies 
and people of the College of Engineering of 
the University of Wisconsin; for his concep- 
tion of a university as a cooperative enterprise 
of scholars and disciples in which freedom and 
power to initiate is diffused, not centralized; 
for the spirit of steadiness and confidence he 
has engendered; for the harmonious and co- 
operative relations within faculty and between 
faculty and students that have matured under 
his leadership; and in recognition of the high 
place he has filled in engineering education and 
in public estimation not only in his common- 
wealth but in the nation as well. 

Henry M. Wriston, president, Brown Uni- 
versity, delivered the principal address. He 
urged the necessity for more and better socially 
minded engineers. 


The Engineering Teacher 


H. P. Hammond's presidential address was 
entitled, ‘“‘The Engineering Teacher."’ He 
dwelt on engineering teaching as a profession, 
the selection and development of teachers, the 
process of induction into teaching, learning to 
teach, and the qualities of a teacher. The 
concluding portion of his address dealt with 
the general nature of the social era in which 
the engineering teacher functions and the 
place he occupies in it. 





The News From Washington 


By American Engineering Council 





March of Rural 
Electrification 


URAL electrification has increased from 
virtual stagnation during the depression 
to the highest peak in history. Without tak- 
ing into consideration the new distribution 
lines constructed with federal financing, more 
new customers were connected to farm power 
lines in 1936 than in any other year since “‘elec- 
tricity started to the country.’’ Plans for 
1937 indicate that privately financed lines will 
exceed 1936 and that the use of electrical energy 
in rural areas is ‘‘on its way.”’ 

A large part of the increase in the rural 
use of electricity is said to be due to the aban- 
donment by utility companies of the practice of 
requiring farmers and rural industry to con- 
tribute to the cost of the lines which serve 
them. In many areas, distribution lines are 
being constructed to the consumers’ property 


line without cash or deferred payment for 
such lines. Another contributing factor to 
the expansion is reported to be found in re- 
ductions in the cost of rural lines. 

The Rural Electrification Administration 
reports that REA lines now equal privately 
financed lines. A recent summary states that a 
total of $61,112,110 has been lent or ear- 
marked for 337 specific projects to serve about 
200,000 rural customers in 41 states. A majority 
of the consumers are farmers, but the total 
includes a great many rural schools, churches, 
small business establishments in rural areas, 
and country homes. $1,925,000 of the total 
has been allotted for building small generat- 
ing plants, and $190,000 has been borrowed by 
individuals to finance wiring and plumbing 
installations. 

Plans and specifications prepared by engi- 
neers in private practice and approved by the 
engineering staff of REA are required on all 
projects, and the American Engineering Coun- 
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cil is frequently called upon to suggest candi- 
dates for engineering positions in Washing- 
ton and in the states. The compensation 
either by fee or salary is not always in keeping 
with that paid by private industry, but the en- 
gineering profession is being permitted to 
make its contribution to public as well as 
private rural electrification, and the apprecia- 
tion of the value of engineering knowledge 
and experience is increasing and spreading to 
che less populated areas. 


Mapping a Local 
Responsibility 


‘*MAP Consciousness"’ has been carried 
to the White House and to Congress, 
but it has not yet become sufficiently im- 
portant in the several states and communi- 
ties to command the serious consideration of 
those who are in a position to inaugurate a 
comprehensive mapping program. Council's 
staff, the A.E.C. Committee on Surveys and 
Maps Program, the Division of Surveying and 
Mapping of A.S.C.E., and many of those 
who recognize the fundamental need for ac- 
curate maps and appreciate the economic value 
of such basic data to the public have done al- 
most everything except lobby for substantial 
mapping appropriations. 

The President, the Congress, departmental 
secretaries, bureau chiefs, and most officials 
and representatives of the people are respon- 
sive to factual presentation and they are 
being kept informed, but obviously a demand 
from ‘“‘the constituency’’ for maps for both 
immediate and future use is essential to favor- 
able legislative action. It is not enough to 
have engineers, planners, geologists, and 
other scientific and constructive minds in favor 
of making surveys and preparing basic maps 
of the terrain of the United States. The 
people themselves must insist upon having 
maps for public works and private enterprise. 

A number of federal government agencies, 
other than U.S.C. & G.S. and U.S.GS. are 
making “‘special purpose’’ maps. Most of 
them are good maps, but they are not basic 
and many of them cannot be fitted into a 
nation-wide basic mapping program. It is 
reported that the Soil Conservation Service, 
for example, is to do some 350,000 sq miles 
of aerial mapping in 1937 and 1938. No one 
has any doubt about the usefulness of such 
maps to all parties interested in soil conserva- 
tion, but it is not expected that they can be 
used either by the Coast and Geodetic Survey 
on triangulation or by the U. S. Geological 
Survey for reckoning topography. 

Engineers who have made a lifelong study 
of map making and map uses agree that if the 
triangulation and topography of the country 
were established on verified maps which were 
accurately related, it would not be necessary 
to make so many maps for special purposes. 
[hey also agree that the cost of making special 
maps, when actually needed, would be greatly 
reduced by having basic triangulation and 
topography as a foundation. 

Such are the simple facts which engineers 
may impart to their neighbors, business asso- 
ciates, and legislative representatives. They 


may also say, without fear of contradiction, 
that the Army needs more of this basic infor- 
mation around our frontier to strengthen na- 
tional defense. The Forest Service, Reclama- 
tion Service, Soil Conservation Service—all of 
those interested in regional conservation activi- 
ties, and innumerable private projects are 
constantly faced with need for better maps 
than are available, and find from actual ex- 
perience that much more could be saved by 
having adequate maps than the entire cost 


would be. 


National Resources 
Committee 


NGINEERS who have noted the proposals 

made by the Administration and members 
of Congress to reorganize the surface of the 
United States into seven conservation and 
utilization authorities may be interested in 
the following excerpts from recent reports of 
the National Resources Committee: 


Prepared under the supervision of the 
Water Resources Committee of the National 
Resources Committee, the present report, 
“Drainage Basin Problems and Programs,” 
describes the principal water problems of 
each of the Keieue basins and presents 
specific recommendations for construction and 
investigation projects with priorities of 
importance and time. The report was pre- 
pared with the active cooperation of state and 
regional planning boards and of federal agen- 
cies. Three principal aspects emphasized in 
connection with the program are: 


(1) That the report does not suggest any 
particular rate of public construction ex- 
penditure. It suggests an orderly integrated 
plan of construction and investigation, which 
may be carried out over a period of years. 

2) That the listing of projects having 
local interest primarily does not indicate 
that federal funds should be used for their 
construction. The listing means only that the 
project is believed to fit into an integrated 
drainage basin program. 

(3) That the National Resources Commict- 
tee will not be responsible for carrying out 
any of the recommended work; it is not an 
administrative agency. The work suggested, 
if carried out, will be through the normal 
channels of existing federal, state, and local 
agencies. The report is based on an intensive 
study by a special organization established by 
the Water Resources Committee, which 
worked in close cooperation with state plan- 
ning boards as well as with all federal agencies 
concerned with water problems, 


Projects are classified into the following 
groups: Group A is ready for construction 
and should be undertaken as soon as possible. 
Group B while desirable can have priority 
definitely determined only after additional 
studies. Group C should follow group B in 
sequence. The estimated cost of the project 
in group A is $1,727,000,000 in group B 
$1,034,000,000, and in group C, $1,400,000,000. 

An interesting comparison may be had by 
noting that the annual federal expenditures 
for construction involving water use and con- 
trol in the period from 1920 to 1929 range 
from 30 to 63 million dollars and only in- 
creased to 78 million in 1929, whereas they 
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had reached a figure of 374 million dollars by 
1935. It would, therefore, seem that the 
proposed reservoir of projects in groups A, B, 
and C for a period of years for both federal and 
nonfederal undertakings in the field of water 
control and use, which would be left subject 
to review and control in the future, is more 
consistent with the normal rate of expendi- 
tures for such purposes in this country. 


Survey of Engineers and 
Engineering 


HE excellent work done by the American 

Engineering Council’s Committee on the 
Survey of Engineers and Engineering con- 
tinues to be reflected in the series of bulletins 
which are being released by the Bureau of 
Labor Statistics. The first release entitled 
“Educational Qualifications in the Engineer- 
ing Profession’’ was about a year ago. The 
second release came in January under the 
title “Unemployment in the Engineering 
Profession.’” A third release entitled ‘‘Em- 
ployment in the Engineering Profession from 
1929 to 1934"’ came out a few weeks ago. 

One of the most important phases of this 
analysis indicates that, taking all factors into 
consideration, between 1930 and 1934 there 
was a substantial net loss of employment by 
engineers who were active before 1935 and a 
considerable absorption in employment of 
newcomers to the profession. The net re- 
sult for the five-year period ending December, 
1934, was an increase of 25.3 per cent in the 
number of persons in the engineering profes- 
sion. This rate of increase was much in ex- 
cess of the available engineering opportuni- 
ties. The fact that available engineering 
opportunities did not keep pace with the 
increase in the number of men trained to enter 
the profession brought about changes in the 
proportions of those who were unemployed or 
engaged in nonengineering work. 

The analysis entitled *‘Employment in the 
Engineering Profession’’ appeared in the April 
issue of the Monthly Labor Review. A limited 
number of copies are in the hands of the 
Bureau of Labor Statistics and may be ob- 
tained by writing to Dr. Isador Lubin, Com- 
missioner, Bureau of Labor Statistics, De- 
partment of Labor, Washington, D.C. In the 
event that a large number of copies is desired, 
they may be obtained, as long as they last, 
from the United States Government Printing 


Office 


Conservation of River 
Resources 


ga E A.E.C. Committees on flood control, 
water resources, and other conservation 
activities have for a number of years recom- 
mended consideration of the problems involved 
according to drainage areas as a whole, the 
basic idea back of the President’s recommenda- 
tion that the United States be divided into 
seven regions is in keeping with the Council's 
earlier interpretations of engineers’ recom: 
(Continued on page 646) 
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mendations. It is also in line with the sug- 
gestions offered by a number of prominent 
engineers about a year ago in connection with 
discussions of the program of the Upstream 
Engineering Conference. 

It is encouraging to observe in the Presi- 
dent’s recent river-conservation message that 
the protection of the country's water resources 
is at last receiving authoritative recognition, 
but it is unfortunate that matters of such vital 
importance should be confused with other is- 
sues. As was to be expected, some elements 
in Congress are seizing upon the President's 
message as aN Opportunity to promote their de- 
sire for increased public power development 
and more federalization. It seems as though 
they are even willing to sacrifice the real con- 
servation and reclamation values. Others, 
more moderate in their views, lean toward 
the establishment of regional-planning com- 
missions in accordance with the President's 
recommendations. In this difference of ideas 
is to be found a most vital issue in the future 
social and economic life of our country. 

The experience of recent years shows that we 
know too little about rivers for any compre- 
hensive planning on such a scale without much 
study and more data. Engineers on the 
Council's committees feel that we have not 
yet learned enough about regional planning 
to undertake the development and conserva- 
tion planning for the scores of streams in- 
volved in the seven proposed authorities. 
It is true that the National Resources Com- 
mittee has only recently completed a drain- 
age-basin survey, but the very engineers 
who made that survey say that it is only a 
preliminary for a further investigation. 

Realizing that we face urgent problems of 
conservation, of water allocation, of purifica- 
tion, of floods, of water supply, and in a lesser 
degree of power and navigation, it is believed 





that the most practical approach to these 
problems may be made through boards set 
up to deal with each river basin as a whole. 
A board of local membership should be able 
to accomplish useful results at an early date. 
Its work could be coordinated with regional 
activities and given businesslike attention. 
Council’s Committee on the Conservation 
and Utilization of Natural Resources is giving 
this entire problem serious consideration. 


World Power Conference 


NE of the objectives of the World Power 

Conference is the preparation of inven- 
tories of the resources of the world in fuel and 
power. The first inventory entitled “‘Statisti- 
cal Yearbook of the World Power Confer- 
ence,"” now ready for distribution, represents 
an excellent attempt to compile and publish 
international statistics of power resources, 
development, and utilization upon a com- 
prehensive and comparable basis. Some of the 
information has not been published before in 
any country. As a collection of statistics on 
this particular subject, the work is prob- 
ably unique and for this reason may prove most 
valuable to those interested in the develop- 
ment of world power resources. 

Engineers, economists, statisticians, and 
others who require such information as com- 
parable figures of coal consumed in the U.S.A. 
and the U.S.S.R., or of electricity generated in 
metallurgical works in Poland and Japan, or 
estimates of the world production of petro- 
leum or wood, or the proportion of electricity 
generated by water power will find much of 
the information which was available in 1933 
and 1934 in this compact volume which is 
being sold at $5 per copy by the American 
National Committee, World Power Confer- 
ence, Interior Building, Washington, D. C. 








Positions Available 


Engineering Societies Employment Service 


ENGINgegR to work out efficient layout of 
factory for manufacture of ball bearings. 
Will help select and supervise installation of 
necessary machinery. May eventually be- 
come factory manager. Apply by letter. 
Location, foreign. Y-1625 


ENGINEER to act as chief assistant. Must 
have experience in hydraulic and flood-control 
Salary, $5000 a year. Apply by letter. 
Y-1764 


work. 
Location, East 


Executive to take charge of management 
and production of jobbing business. Must 
have experience in metal trades and in handling 


labor. Apply by letter. Location, Massa- 
chusetts. Y-1785 
DesiGNer, mechanical engineer, 30-40, 


Must be expert drafts- 


with 


for automobile tires. 
man tire-designing experience, 
ability to establish contacts with major execu- 
tives and producing department heads. Sal- 


with 


ary, $350-$500 a month. Apply by letter. 
Location, Middle West. Y-1794-( 


Enaineer, 30-40, thoroughly experienced 
in automobile-tire development and design. 
Must have ability to establish contacts with 
major executives and producing department 
heads. Should have chemical experience, 
sales personality, and practical mind. Salary, 
$400-$600 a month. Apply by letter. Loca- 
tion, Middle West. Y-1795-C. 


MeEcHANICAL ENGINEERS to become general 
foreman, superintendents, and product engi- 
neers. Necessary to start in other positions 
in organization to acquire knowledge of local 
conditions essential to supervisory positions. 
Company manufactures hardware for auto- 
mobile bodies, including large stampings, die 
castings, plating, graining and lacquering. 
Apply by letter. Location, Middle West 
Y-1643-C. 





MECHANICAL ENGINEERING 


Meratvuraist for creative work of diversi- 


fied character in research department. Must 
be metallurgist with graduate training or 
physicist with strong leaning toward metal- 
lurgical problems. In either event must have 
philosophical and inquiring trend of mind, 
capable of handling new research problems. 
Apply by letter. Location, East. Y-1644. 


Cer Die DesicNner, 35-47, to take charge 
of die-design work. Must be thoroughly 
experienced in designing of small, intricate, 
interchangeable dies used in quantity produc- 
tion. Graduate engineer preferred, though 
more essential that man have actual die- 
making experience and ability to become suc- 
cessful die designer. Salary, $300 a month to 
start. Apply by letter. Location, East 
Y-1656. 


PLANtT-OPERATING SUPERINTENDENT, 35-50, 
for company employing 75 persons and manu- 
facturing insulating board with thermal and 
acoustical properties. Must have technical 
background, predominating mechanical prac- 
tice but with some chemical knowledge. 
Experience in manufacture of building, wall, 
or insulating board would be helpful. Salary, 
$4000-$6000 a year. Apply by letter. Loca- 
tion, Middle West. Y-1880-C. 


Estimator with 10-12 years’ experience in 
refining or related work. Must have real 
knowledge refinery-equipment estimating. Ap- 
ply by letter. Location, New York. Y-519. 


Sates Enainzer, young, to sell stokers 
Must have technical training in mechanical 
engineering or practical experience in combus- 
tion, and knowledge of power plants and 
multiple-retort stokers, obtained from _prac- 
tical experience or sales work. Sales experi- 
ence desirable. Apply by letter giving details 
of experience, salary expected, age, etc. Loca- 
tion, Middle West, Y-1792-C. 


SHorp Foreman, mechanical engineer, not 
over 45, for plant manufacturing combustion 
engines. Experience in this line desirable 
Will start as trouble shooter, solving troubles 
of each particular machine and checking work 
from operation to operation. Later will as- 
sume control of shop. Salary to start, $60-$65 
a week. Apply by letter. Location, East 
Y-1698. 


Time-Stupy Enoineer capable of setting up 
standard data. Must have experience in light, 
highly repetitive manufacturing processes, 
and working knowledge of tool and die design 


or manufacture. Apply by letter. Location, 
Pennsylvania. Y-1875. 
ASSISTANT SUPERINTENDENT, 35-40, {fof 


rubber department of large company handling 
packing and brake blocks. Technical rubber 
man, capable of handling men and adjusting 
production to diversity of large and small 
orders. Salary, $350 a month. Apply by let- 
ter. Location, Illinois. Y-1803—-R-566-¢ 


Mecuanicat Enoinerr, graduate of univer- 
sity of recognized standing, with several 
years’ experience. Should know machine de- 
sign and something about electricity, heating, 
power, air conditioning, repair, and mainte: 









(Continued on page 648) 
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duplicated in the making of U°S°S CARILLOY 


HENEVER the ratio of cause- 


to-effect is magnified — when- 


ever slight changes in specifications 
produce large changes in properties 
—precision control in steel manufac- 
ture becomes a vital factor. 

In alloy steels physical properties 
depend on 


accurate composition 


and skillful heat treatment. Only del- 
icate control of manufacture can pro- 
duce consistently uniform alloy steels 
with consistently uniform properties. 

USS Carilloy Alloy Steels are such 
products, made in open hearth or 
electric grades in special plants where 


composition and characteristics are 


held within close limits. 

You can standardize on USS Caril- 
loy Alloy Steels with the assurance 
these vital 


that you will secure 


requisites the precise composi- 
tion, the inherent characteristics, the 
response to heat treatment you spec- 


ify ... shipment after shipment. 


U-S°S CARILLOY ALLOY STEELS 


CARNEGIE - 


Columbia Steel Company, San Francisco, Pacific Coast Distributors 


ILLINOIS 
Pittsburgh 


STEEL 
Chicago 


CORPORATION 


United States Steel Products Company, New York, Export Distributors 


Petite) SIATES STEEL 
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nance. Company is planning to design and 
build machine to rubberize fabrics. Apply 
by letter enclosing recent photograph. Loca- 


tion, Middle West. Y-1851-C. 

Saves ENaineer, petroleum-industry division, 
company manufacturing pumping machinery. 
Apply by letter. Location, East. Y-1665. 


Assistant Division ENcineer with 10 years’ 
experience in maintenance and development 
work, preferably in chemical plant. Apply 
by letter. Location, East. Y-1651. 


Grapuate MecHanicat ENGINEER, Not Over 
40, who has held position of plant engineer. 
Must have experience in boiler rooms, opera- 
tion, equipment, heat balance, boiler tests, 
estimating equipment, etc. Apply by letter 
Location, New York,N.Y. Y-1755. 


AssociATE Proressor, 30-40, to teach me- 
chanical-design subjects including  vibra- 
tions and balance, thermodynamics, and 
mechanical - engineering laboratory work. 
Must have advanced degree in engineering, 
and have at least § years’ teaching experience 
in good college. Good personality essential. 
Salary, $3000-$3300 a year. Apply by letter 
Location, East. Y-1856. 


ENGINEER, young, with experience in air- 
craft and, if possible, teaching. Must be 
able to take care of preparation of design manu- 
als, teach apprentices in airplane work and 
prepare airplanes for export. Good personal- 
ity essential. Apply by letter. Location, 
New York, N. Y. Y-1860. 


AssistANT OR AssociATE Proressor, single 
man preferred, to teach general metallurgy, 
fire-assaying laboratory, metallurgical cal- 
culation, metallurgy of antimony, copper, 
zinc, etc., mill design, fire assaying, metallurgy 
of gold, silver, iron and steel, metallurgical 
laboratory and metallography. One year’s 
contract. Transportation will be paid. Ap- 
ply by letter. Location, China. Y-1864. 


MecuanicaL ENGINEER, wide experience in 
large steam-power-plant design. Apply by 
letter. Location, New York,N.Y. Y-1882. 


MecuanicaL ENGINEER with writing ex- 


perience. Must have 4 years’ experience in 
industry. Apply by letter. Location, 
Middle West. Y-1883. 


MEcHANICAL ENGINEER, 28-35, with some 
chemical-engineering experience. Must have 
knowledge of mechanical plant maintenance 
and production. Will act as assistant to 
superintendent of tannin-extraction plant. 
Apply by letter. Location, South. Y-1884. 


DgsiGNER with several years’ experience in 
designing and detailing hydraulic presses and 
accessories. Will work under direction of 
chief engineer. Must be capable of designing 
and detailing shop drawings, writing bills of 
material, and assisting in sales work. Apply 
by letter. Location, Pennsylvania. Y-1885. 


INDUSTRIAL ENGINEER, 30-40, with thor- 
ough experience in industrial engineering. 
Salary, $75 a week. Apply by letter. Loca- 
tion, East. Y-1887. 





Candidates for Membership in the A.S.M.E. 





HE application of each of the candidates 

listed below is to be voted on after August 
25, 1937, provided no objection thereto is 
made before that date, and provided satis- 
factory replies have been received from the 
required number of references. Any member 
who has either comments or objections should 
write to the secretary of The American Society 
of Mechanical Engineers at once. 


NEW APPLICATIONS 


Anperson, Paut E., East Cuicaco, IND 
ANTONENKO, Basix P., San Francisco, Calif. 
Bircet, Cuas., Jackson, Mich. 

Brapey, INGALLS SwisHerR, Rochester, N. Y. 
Brerreitn, Geo. A., Caripito, Venezuela 
Cuapuin, Davin E., Oakland, Calif. 
Cuapman, W. B., Kingsport, Tenn. (Re & T_ 
Crark, Harry K., Rochester, N. Y. 

Fircn, Crarence E., Riverside, III. 

Fram, Morris, Los Angeles, Calif 

Gitte, Huco Epw., Jersey City, N. J. 
Goopigr, J. N., Toronto, Ont., Canada 
GorHerMaNn, C. W., Palmerton, Pa. 
Gravenstreter, H. R., New Castle, Pa. 
Harnaway, Leg A., San Leandro, Calif. 
Hurt, Jas. M., Dallas, Tex. 

Kerrn, Joun V., Revere, Mass. 

Ketvrer Geo. D., New York, N. Y. 
Kurkuiti, Martin A., Mer. Kisco, N. Y 

La Morne, Kennetu F., Brooklyn, N. Y. 


LauperMILK, Jack I., Tulsa, Okla. 

Mc Mutten, Hersert W., Upper Montclair, 
N. J. 

Mitter, Russert Bernarp, Normal, Ill. 

Morarn, Wittarp A., Groton, Conn. 

Newua.t, Donacp H., Lynn, Mass. 

Po.uitz, Haron C., Cedar Rapids, Iowa 

Porter, Jonn R., New York, N. Y. 

Reep, F. Everett, Norwich, Conn. 

Scovitte, James D., York, Pa. 

SELIGMAN, ArtHuR, J., Chicago, III. 

SHARPLEY, BerNarD F., San Francisco, Calif. 

Suutt, D. W., Royal Oak, Mich. 

Smart, D. L., Detroit, Mich. 

Stewart, W.C., Cleveland Heights, Ohio 

Tutsopeav, Jos. S., Peabody, Mass. 

Tuorpe, C. Lroyp, San Francisco, Calif 

Weaner, Lego M. C., Chicago, Ill 


CHANGE OF GRADING 


Transfers from Junior 


Esxin, Samu. G., Chicago, IIl. 

Fisner, Davin A., New York, N. Y. 
Grossciose, Pror. F. F., Chapel Hill, N. ¢ 
Patterson, Warp S., New York, N. Y 
Wituramson, G. V., St. Louis, Mo. 


Transfer from Member 


Kina, Pror. R. S., Atlanta, Ga. 
MarsHa.t, S. M., San Francisco, Calif 
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A.S.M.E. Transactions 
for July, 1937 





“4 ‘HE July, 1937, issue of the Transac- 
tions of the A.S.M.E., contains the 
following papers: 


Fuel Panel Discussion on Cinder Catchers 
(FSP-59-10). Papers by P. H. Hardie, 
M. D. Engle, J. J. Grob, H. F. Hagen, 
C. W. Hedberg, L. C. Whiton, Jr., O 
Craig, S. Brown, J. R. James, and W. G 
Christy 

Determination of the Relative Resistance 
to Cavitation Erosion by the Vibratory 
Method (HYD-59-4), by S. L. Kerr 

Pitting Resistance of Metals Under Cavita 
tion Conditions CHYD-59-5), by J. M 
Mousson 

Cavitation on Marine Propellers (HYD 
59-6), by L. P. Smith 

Metallurgical Aspects of Hot and Cold 
Strip for Deep-Drawing Requirements 
CIS-59-3), by J. E. Angle and W. F. Mc- 
Garrity 

Cooperative Creep Tests on 0.35 C Steel 
K20, at 850 F and 7500 Lb per Sq In 
CRP-59-4), by C. L. Clark 

Long-Time Creep Tests of 18 Cr 8 Ni Steel 
K19 and 0.35 C Steel K20 (RP-59-5), by 
H. C. Cross and J. G. Lowther 

Constant Strain-Rate Tests on 0.35 C Steel 
K20 at 850 F (RP-59-6), by A. Nadai and 
E. A. Davis 

A Relaxation Test on 0.35 C Steel K20 (RP- 
59-7), by E. L. Robinson 

Relaxation Tests on 0.35 C Steel K20 at 850 F 
(RP-59-8), by N. L. Mochel 

Timber-Connector Construction (WDI-59-3), 
by P. A. Hayward 


DISCUSSION 


On previously published papers by Messrs 
J. L. Brown; E. Cowan and B. Cowan; 
C. H. Jennings; R. C. Binder and R. T 
Knapp; R. T. Knapp; and O. W. Boston 
and W. W. Gilbert 








Necrology 





HE following deaths of members have 
recently been reported to the office of the 
Society : 
Birpsatt, Freperick, April, 1937 
BrossMAN, CHARLES, June 30, 1937 
Coorer, HuGu L., June 24, 1937 
CrawrorD, Davin, F., March 14, 1937 
Davenport, Wixu1aM §., June 7, 1937 
France, Epcar G., June 23, 1937 
Heiser, F. Wo., June, 1937 
Moran, Daniez E., July 3, 1937 
Ritey, CHaMpLain L., April 16, 1937 
Swasey, Amsrose, June 15, 1937 
Tower, J. Watrace, June 21, 1937 
Turner, Guy S., March 28, 1937 
Wituias, Artuur, April 14, 1937 
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